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INTRODUCTION

The investigations of Pyrausta nubilalis Hbn. which have been
carried on in central Europe by the United States Department of
Agriculture, and which have now covered a 4-year period (from 1924
to 1927, inclusive), were founded upon two demands for information.
The first arose from the realization that certain specific problems con-
cerning the seasonal history and habits of this insect could not be
solved and the proper conclusions drawn by the use of data obtained
solely from research experiments in the new home of the insect, where

1 The writers take this opportunity to thank the various European entomologists, agriculturists, and
officials of the ministries of agriculture who have personally assisted in making these investigations pos-
sibie. The interest and active cooperation of Drs. Karl Escherlch and Hermann Eidmann, Dr. Alexander
Ogloblin, Dr. Joseph Jahlonowski, Dr. W. Knechtel, and Dr. Constantin Isaakides in assisting the writers
in their investigations in Qermany, Czechoslovakia, Hungary, Rumania, and Oreece, respectively, are
deeply a&preciated. For the excellent Information obtained from the é;rovinee of Baden, in Oermany,
and willing cooperation with the senior wrlter, the writers are Indebted to Dr. W. Zwolfer, in charge of
corn-borer investigations at the plant-hreeding experiment statlon of the Baden Agricultural Chamber,
located at Rastatt, Baden. The detailed data supporting statements contained in the sections of this
bulletin dealing with the increase of infestation and a corresponding increase In the quantity of a favored
host plant grown, as well as the statements regarding the effectiveness of clean‘ui) as a means of control
of the corn horer, have been made availahle to the senior writer through personal correspondence. The
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gradual adaptation to a new environment was taking place. The
second demand for authentic data from the native home of the insect
arose from the immediate necessity for facts which might aid in the
adoption of suitable quarantine, scouting, and control policics.

The needs for this information have been stated, and the funda-
mental problems in the study of the ecology of the mnsect have been
presented, in two publications by the senior writer (I, 2).? The
habits and life history of the insect have been discussed thoroughly
in two bulletins issued by the United States Department of Agricul-
ture (3, 6). In a more recent bulletin Thompson and Parker (4),
of the field laboratory at Hyéres, Franee, devoted to the study of the
corn borer, have, in a general treatment of the inseet in Europe,
presented its relationship to various environments.

The writers had intended to present in detail the mass of informa-
tion which has been collected during the four years 1924, 1925, 1926,
and 1927, but it seems better to present at the outset a brief general
summary of the entire project, reserving for later and more detailed
diseussion the several phases of the investigation.

The more detailed studies discussed in this publication were made
principally in Hungary and northeastern Yugoslavia, in the rcgion
embraeed by or contiguous to the confluence of the Theiss and Danube
Rivers. Cursory studies were also conducted in Austria, Germany,
Polanlzi, Rumania, Greece, and Bohemia and Slovakia in Czceho-
slovakia.

DISTRIBUTION SURVEYS

_ Since the project here discussed includes the work of defining the
limits of distribution of Pyrausta nubilalis, a certain portion of each
of the years 1924 to 1927, inclusive, was devoted to the collection of
biological data bearing upon this point, from Austria, Germany,
Poland, Czcchoslovakia, Rumania, southern and western Yugoslavia,
and Greece. The results of the work donc in each of these countries
will be briefly considered. For the convenience of the reader a map
(fig. 1) has been prepared, presenting features of the more important
portion of the eorn belt in central Kurope and the number of larvae
per 100 plants of corn, averaged for the four years 1924-1927. The
figurcs representing this infestation are shown under the names of
towns. The figures for Cegléd, Hatvan, Miskole, Nyfregyhéza, and
Kalocsa are for 1927 only, but are believed to represent average
conditions in these lccalities. The shaded portion represents the
center of the corn belt and the center of infestation by the corn borer.

:(g;ég; writer takes thls opportunity to express his gratitude to Doctor Zwolfer for his Innumerable kind-

1n all countries in which the writers have carried on field ohservations, had it not been for the assist-
ance of the Foreign Service of the United States Department of State the efficiency of the organization
would have been materially decreased. The writers again thank the members of the consulates and
legatlons in the countries visited for their interest and assistance in the officlal problems. Particular
credit is due to the consular and legation staffs at Budapest, Hungary, for their cooperation with the
actlve work of this project, the headquaryers of which were located in that city.

Since 1920 the senior writer has been in charge of the ecological work on the corn horer conducted in
the United States and Europe hy the Bureau of Entomology, and personally directed this work in Europe
in the years 1924 to 1927, inclusive. The junlor writer was detailed in the spring of 1926 to assist In this
work in Europe, and through two consecutlve seasons was, under the direction of the senior wrlter, per~
sonally in charge of the collection there of all field data concerning this project. Among the toples that.
2:\{2 3)@312 ;&?cmlly his are the data upon larval survival, infestation of sorghums, and selection of fields

The writers are indehted to W. R. Walton, J. E. Graf, J. A. Hyslop, and S. B. Fracker, who revlewed
the manuscript and made valuahle suggestions as to the form of presentation of the dats and concluslons.

¢ Italic numbers in parentheses refer to ‘¢ Literature cited,” p. 5.
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Thirty per cent of the arable land of this area is devoted to the pro-
duction of corn. The region between this area and the heavy line to
the north, west, and south of it is next in importance, 20 per cent of
its arable land producing corn.

AUSTRIA

In 1924 extensive field observations were made in the district about
Salzburg and Linz, but no ecvidence of the corn borer was found there.
In the vicinity of Graz, in Styria, an infcstation of 8.9 per cent was
found in the plants. North from this city, up the valley to the junc-
tion of the rivers Miirz and Mur at Bruck, the infestation gradually
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FIGURE 1.—Map of the more important portion of the corn belt in central Europe. The numbers
under thenames of towns indicate the average local infestation by the corn borer, in larvae per 100
plants of corn. Theshaded arearepresents both the center of the corn belt and the center of infesta-
tion by the corn borer

decreased to an average of 2.7 per cent. No infestation was found
at Kapfenberg, near by, where practically no corn is grown.
(Pl 1, A)

GERMANY

Through the cooperation of Doctors Escherich and Eidmann, of
the University of Munich, and Doctor Zwéolfer, of the plant-breeding
experiment station of the agricultural chamber, Rastatt, Baden,
several regions in Bavaria and Baden were thoroughly scouted. The
conditions found in Bavaria differ markedly from those witnessed in
the corn areas of Baden, the warmest scction of Germany.

In Bavaria the regions about Ubersee, in southern Bavaria, and
Wiirzhurg and Bamberg, in northern Bavaria, werc scouted and a
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:zlli)%ht infestation was found in every town where corn was grown.
.2)

Owing to the faet that during the season of 1925 the corn borer did
an appreciable amount of damage to grain corn grown on the fields
of the Baden experinient station at Rastatt (pl. 3, A, B), a thorough
investigation of the life history, habits, and control of the insect was
instituted under the supervision of Doctor Zwdélfer in the spring of
1926.

The country surrounding the city of Baden is a flat plain, agricul-
turally rich, lying at the foot of the Black Forest. The chief produc-
tion of grain corn there began in 1920 and increased rapidly up to
1922, when the corn borer was first noticed as a possible pest. The
infestation in this region has steadily increased up to the season of
1927 and it is feared that if this increase continues the growing of
grain corn will be seriously handicapped. A survey of this area,
made by the writers in company with Doctor Zwilfer in 1926, showed
average infestations of 60.3 per cent of the plants and 23.1 per cent
of the ears, and the presence of 122 borers per 100 plants.

A fact of particular interest in the conditions at Baden is that with
a very low larval population severe commercial damage can be, in-
flicted upon the native Badischer Landmais, the local type of corn.
The plants are small, attaining when mature a height of from 4 to 5
feet, and have slender stalks; the problem of control is thus more
acute in this area than in regions where a much more severe infesta-
tion is necessary to produce damage.

In 1927 Doctor Zwélfer (7) published an excellent account of the
work done in Baden and with it a summary of the status of the borer
in Germany as & whole. This paper should be consulted for details
on the status of the insect in Germany.

POLAND

TFFrom officials and from reports of field workers, it has been learned
that there is no record of serious injury from the corn borer in Poland,
but that at the present time the insect is generally distributed in small
numbers throughout the corn-producing section in the southeastern
part of the country. This region, comprising practically all of the
eorn-growing land m Poland, lies along the banks of the main branch
of the Dniester River, extending north to the city of Lwow (Lemberg).
The center of corn culture is at Tarnopol, where annually 35.8 per
cent of the land is devoted exclusively to this crop. The percentage
of land used for producing corn decreases from 32.3 at Stanislau to
5.1 at Lwow (Lemberg).

RUMANIA

With the ecooperation of Doctor Kneehtel, professor of applied
zoology in the University of Bucharest, the writers have collected
information from two distinct corn-growing regions of Rumania. The
first comprises the Wallachian Steppes, represented by the localities
about Domnita and Gherghita, and the second lies in Transylvania,
Cluj (Klausenburg) being the center of observation.

A large quantity of corn is grown in each area, the plantings being
more extensive in the first than in the second. An examination
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A.—Valley in the Semnmering Range, near Kapfenherg, Austria,
Valley of the Vardar River, above Skopleje (Uskib), southern Yugoslavia.
C.—Corn in the valley of the Vardar River,
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A.—Agriculture near Bamberg, Germany.
B.—Fodder corn, July 17, 1926,
C.—Flint corn, July 17, 1926.
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A and B.——Corn growing in fields of experiment station, near Rastatt, Baden, Germany.
C.—View near Larissa and Trikkala, Thessaly, Greece.




THE CORN BORER IN CENTRAL EUROPE 5

showed that 3.2 per cent of the plauts were infested in the Wallachian
region, while in Transylvania the infestation averaged 76.4 per cent of
the plants and 26.2 per cent of the ears, and the larval population
averaged 588 borers per 100 plants.

In contrast with the level stretches of the Wallachian Steppes, the
Transylvanian region, of which Cluj (lausenburg) can be taken as
representative, is hilly, with a slightly moister climate. Drought is a
normal feature of the climate in the former region, in 1924 and 1925
destroying the corn before maturity, whereas in Transylvania such
severe dryness occurs less frequently. This climatie divergence may
be the real explanation of the difference in infestation between the
two regions,

CZECHOSLOVAKIA

Since the southern portion of Czechoslovakia is, topographieally
speaking, a contmuation of the Great and Little Alfélds (plains) of
Hungary, the collection of data throughout this region has been
more systematic and detailed than it would have been if the objeet
were purely one of deterinining the distribution of the insect.

The corn region in Czechoslovakia, represented by the towns of
Bratislava, Komarno, and Brno (Brimu), is contiguous with the
Little Alfold of northwestern Hungary, and the district in which lie
the towns of Kodice (Kaschau), Uzhorod, Mukaéevo, and Beregsas
represents the northern continuation of the corn areas of northeastern
Hungary.

Both of these areas merge into regions which constitute the northern
limits of corn growing in central Europe. The most noitherly point
where corn can be successfully grown, at Caslav, in Bohemia, was
visited in 1925, and examinations were made in the experimental
plats at the agricultural station there. Although these plantings
had been carried on during the preceding five years, no evidence of
the presence of the insect had been noted.

The infestation in northwestern Czeehoslovakia is discussed on
page 38. Tor details of the intensity of infestation in this country,
see Table 6.

YUGOSLAVIA

SOUTHERN YUGOSLAVIA

In the season of 1925 the district surrounding the town of Skoplje
(Uskitb) was visited. (Pl. 1, B, C.) This town lies in the valley
of the Vardar, a small river which ncarly dries up in the summer.
The valley is about 2 miles wide at this point and is surrounded by
high mountains cntirely devoid of trees. The vegetation of the
valley is of the semiarid type, and agriculture there is chiefly found
along the banks of the river, where all plantings are irrigated. The
chief crops are small grains, eorn, sugar beets, Macedonian tobaeeo,
hemp, and the opium poppy. Of these, tobacco and the poppy are
the most important. The farm practice is extreinely primitive and
conducted on a small scale. During five months of the year the
climate is characterized by intensely hot weather, and severe droughts
are of frequent occurrence.

The infestation by the corn borer in this region is very light.
During the course of the seouting trip only 28 larvae were found,
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among which were one prepupa and one newly formed pupa, as
evidence of summer pupation. The actual line of demareation be-
tween the one-generation and two-generation areas could not be
determined definitcly, owing to the lack of material. Probably,
however, it lies in the region of the divide between the valleys of the
Vardar and Morava Rivers.

WESTERN YUGOSLAVIA

Through the courtesy of the Royal Yugoslav Minister of Agri-
culture, permission was given an assistant, M. N. Popovitch, to
make a scouting trip through the corn-growing areas of the Dal-
matian coast. Extracts from the report of the latter describe the
territory covered and the information sccured as follows:

Most of my observations were made in the five large distriets of gouthern Dal-

matia, Pastroviéi, Mréevo-Polje, Soliotsko-Polje, Konavli, and Zupa. In all
these distriets I found the eornfields infested by this inseet. As to degree of
infestation, that in Padtrovié¢i, Mréevo-Polje, and Soliotsko-Polje was 10 per
eent; in Konavli, 5 per eent; and in Zupa, 3 per cent.
_ LElsewhere in Yugoslavia, in the localities of Sarajevo, Ufice,
Cadak, Kraljevo, Krusevae, and Stalaé, also visited by Mr. Popo-
viteh, either the presenee of the insect was not discovered or the
infestations were light.

Mr. Popovitch, in another report, discusses the types of corn
grown in the areas visited:

Throughout southern Dalmatia, Montenegro, Bosnia, and Croatia flint corn
is cultivated to the largest extent. In Montenegro and in Dalmatia the typical

flint is Cinquantino. Dent eorn, known as ‘‘ Ameriean,” was introduced into
Dalmatia between 1905 and 1910.

GREECE

Through arrangements made possible by Constantin Isaakides,
director of the Phytopathological Institute at Athens, the junior
writer in the summer of 1926 made a scouting trip to some of the im-
portant corn-growing regions of Greece, seleeting as typical Aliatros
(near Lake Copias), where 8,000 aeres of corn are under cultivation
by subirrigation, Trikkala (pl. 3, C) (center of Thessaly), Karditsa
(20 miles from Trikkala), and Saloniki (Macedonia).

The information obtained at each point can be briefly summarized.
At Aliatros the infestation was very light. On July 24 it was found
that 50 per cent of the larvae had pupated, and from a larva eollected
July 26 an adult emerged on July 29. The insect has never been
abundant in this locality. At Trikkala scattered specimens were
found on July 25, and pupation was beginning. At Karditsa no
trace of the corn borer was found. Scattered speeimens of the borer
were found at Saloniki.

The inseet seems to be distributed generally over the ehief corn-
growing seetions of Thessaly and Macedonia, but in such limited
numbers that it can not be considered an economie faetor in the grow-
ing of corn. In 1926 pupation of the first-generation larvae oceurred
in the latter part of July and emergence in the first week of August.
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THE CENTRAL EUROPEAN PLAINS

Owing to the coneentration of corn in the eentral European plains
and the similarity of this region in climate to that of the Corn Belt of
the United States (although less extreme as to the heat of summer
and the eold of winter), the chief attention of the investigators was
turned to these plains, drained by the Danube River and its chief
tributarics, the Theiss, Maros, Drave, and Save Rivers. This
depression, forming a part of the countries of the present Czecho-
slovakia, Hungary, Rumania, Yugoslavia, and Austria, ranges from
30 to 1,300 feet in altitude, for the most part averaging from 290 to
500 feet. It forms, as viewed on a contour map, an immense elliptical
area bounded on the west by the Italian and Austrian Alps, on the
north by the Carpathian mountains, on the east by the Transylvanian
Alps, and on the south by the most northerly ranges of the Dinaric
Alps.

To discuss a region so diversified would require a paper devoted
prineipally to that one feature. Since this bulletin is restricted to
the presentation of data concerning the status of the corn borer in
central Europe, only a brief description of the types of agriculture in
important centers and the chief varieties of eorn grown are presented.

As Hungary ranks conspicuously both as a corn-producing country
and as a center of infestation by the corn borer, special attention will
be given to its agricultural practices.

CLIMATE OF THE CENTRAL EUROPEAN PLAINS

The region which has been described is characterized by a climate
which might be termed a transition from that of the coast of western
Europe to the true continental climate found in Russia. It is not
possible, however, to define sharply the type of this climate, since
the normal precipitation has features quite eommonly encountered
in a study of the type of climate characterizing the region about the
Mediterranean Sea. DPrecipitation occurs chiefly with pressure
minima originating over the Adriatic Sea, and moving across this
region in a northeasterly direction.

The seasonal characteristics of the temperature and precipitation
may be scen by referring to Tables 1 and 2, in which are given, by
intervals of from one to three months, normals for the area. The
total normal mean temperature and the total normal mean precipi-
tation for the hibernation period are the two respective totals for the
interval covered by the months of October, November, December,
January, February, and March. This period, and the other periods,
covering from one to three months, designated in the box heads, were
chosen for the sake of separating the year into portions suitable for
the study of the corn borer in its relation to temperature and preeip-
itation. The maximum precipitation generally occurs in May and
June. The outstanding climatic feature preceding the appearance of
these early summer rains is a sharp rise in temperature in March and
April. The rains cease abruptly, with only occasional showers during
August and September, increase again at the beginning of winter,
and decrease to a minimum in January, February, and March. The
corn belt experiences a cold, dry winter, with sufficient snowfall to
protect winter grains.
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TaBLE 1.—Normal temperature, for the portions of the year named, al specified
towns of Hungary

'I‘otal1

norma
Town January | April | Juneto | Septem- O‘gt%be_r mean for

to March | and May | August r | comber | hiber-

nation

period

°F. °F. °F. °F. °F. °F.

Szombathely - 33.4 53.2 65.8 59.2 39.7 251.5
Budapest - e 35.1 56.8 69.3 61.5 41.5 261. 8
Debrecen. . .._.______ 31.8 55.0 58.0 59.4 39.2 245. 6
Nagykanizsa 35.4 55,8 69.4 60.6 | 41.7 263. 4
Szeged._ . ____..__ 35.2 57.0 711 63.1 | 42.8 266. 5
AVerBge ..o 34.2 56.6 66.7 60.8 i 1.0 257.8

TaBLE 2.—Normal precipiiation, for the poriions of the year named, at specified
: towns of Hungary

normal
January | April | June to | Septem- (:cotg)hge_r mean for

Town
to March [and May| August er cember

Inches Inches Inches Inches Inches Inches
0 2. 56 2.68 1.81 9.44

Szombathely .. ... 1,3 3.58 3 . X
Budapest. . ___ - 1.50 2. 56 2.28 2,17 2.17 10. 94
Debrecen_ ! 1.30 2.13 2.64 1.85 | 2.01 9.92
Nagykanizsa._____..___._____..._ o 1.89 3.27 3.43 2.76 | 2.44 12.95
Szeged..__. 1.26 2.32 2.24 177 1.77 9.17
Average - 1.45 2.57 2.83 2.25 | 2.04 | 10.48

The warmest month of the year is generally July, although the
three summer months differ but little in temperature. The coldest
month is generally February, and October and April have practically
the same mcan temperature.

Throughout the central portion of the corn belt there are strong
winds, the direction of the prevailing wind of the year being north-
westerly. Northwesterly and westerly winds occur in the summer,
but during the winter the prevailing wind is from the southeast.
In the latter part of summer it is not unusual for the winds to blow
a gale for three or four days at a time, and in years of bad infesta-
tion by the corn borer the breaking of the plants of corn by the
winds has a distinct influence upon the resulting damage to the
crop.

A characteristic of this area is sudden thunderstorms, accompanied
by high winds and sometimes by hail, which are frequent during June
and often cause severe damage to the crops.

AGRICULTURE IN HUNGARY

The impression gained of Hungary as a whole is that the agricultural
practice there is clean and careful, although hand labor prevails on the
majority of farms. Throughout the northwestern part of the country
much of the land is planted in strips about 20 yards wide and 100
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yards long, with a diversification of crops suited to the requirements
of the owner. This type of eulture has become more common since
the war, after the elose of whieh many of the large estates were divided
into small holdings, rahgin% in size from 15 to 500 aeres. On the
large estates yet existing theland is divided into fields larger than these
holdings, the size depending on the terrain and the system of crop
rotation practiced by the owner. On sueh estates the ‘“owner’s ficlds”’
are the best cared for and usually suffer less infestation than the
“owner’s peasants fields,” from whieh the peasant receives a portion
of the crop as part payment for his labor during the scason. The
third type of eultivated ground, ordinarily designated as the ‘‘peas-
ant’s field,” usually has a poor stand, is badly eultivated and weedy,
and gives an inferior yicld.

The use of erop rotations, the preparation of the soil, and the culti-
vation of the erop vary widely, and all gradations exist from very
good agricultural practiec to very bad. The impression is gained,
however, that the cultivation of corn is kept at as high a standard as
it is in the United States. On the larger estates, as might be expeeted,
the highest type of agricultural practiee is found, the growers not
only earrying on cxperiments in plant seleetion but also following
carcfully a system of crop rotation suitable to their necds.

A few faets will llustrate Hungary’s importance as a grain-pro-
ducing country. The seven principal agrieultural products grown
there in 1926 were, in the order of their importanee, wheat, corn, rye,
barley, oats, potatoes, and sugar beets. An average of 65 per cent
of the yield of all of these, except the sugar bects, is obtained from
farms of 145 acres or less, while the remaming 35 per cent is derived
from the larger properties. This is not true, however, in the ease of
the production of sugar beets; 89.1 per cent of the yield of these is
obtained from the large estates and the farms naturally eonvenient
to the sugar factorics and alcohol-distilling plants.

The importance of Hungary as a typical grain center is shown by
some statisties of its crop yields in 1926. Its production of wheat
was 71,488,563 bushels, or an average of 19.9 bushels per acre; of
corn, 73,417,259 bushels, an average of 27.4 bushcls per aere; of ryc,
28,299,333 bushcls, an average of 16.3 bushels per aere; of barley,
18,085,591 bushels, an average of 34.1 bushels per acre; and of oats
23,880,395 bushels, an average of 34.1 bushels per acre. Besidcs these
erains, the yield of potatoes was 6,718,950 bushcls, or an average of
106 bushels per aere, and 1,680,152 tons of sugar bects were produeed,
or an average of 10.1 tons per acre.

Besides these important staples, garden beets, red onions, beans,
cabbage, and other common vegctai)les are grown around such centers
as Budapest, Szeged, and Debrecen. Other important erops grown
are paprika, in the environs of Szeged; buekwheat, chiefly around
Szombathcely; hops, millet, hemp, broomeorn, flax, and tobacco, in
the west-central region; pasturc grass and vineyards, ehiefly in the
hilly and rolling sandy country. Fruits are also cultivated to a
considerable extent, and much of the aprieot and peach crop is used
in the making of a native liqueur. The other principal crops are
plums, pears, walnuts, almonds, and apples, )

54736°—29—-2
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THE DISTRIBUTION AND CULTIVATION OF CORN
EASTERN HUNGARY AND EASTERN YUGOSLAVIA

The region of particular interest to this investigation, and the
one which might be termed the center of the corn belt, lies between
the Danube and the Theiss Rivers, extending from the towns of Baja
and Szeged, in Hungary, and Subotica, in Yugoslavia, southward to
the junction of these rivers and to the Drave and Save Rivers. In
this region, known as the Bacska in Hungary and the Vojvodina in
Yugoslavia, in which the corn borer is chiefly concentrated, the land
is generally flat and extremely fertile. Although corn and wheat
are the principal crops, the rotation usually includes sugar beets,
spring grain, rye, muhar (a species of Setaria), barley, oats, .hemp,
and hops. Occasionally plantings of alfalfa are included in the
rotation.

Throughout this large region there is to be found only a slight
variation in the agriculture, although the practice may vary consid-
erably, depending upon the size of the farm and the initiative of the
owner. Before the World War this was a region of large estates and
a highly developed system of tenantry. More recently, these large
holdings have becn divided, and there is now a restriction as to the
maximum number of acres one person may control.

This area is particularly suited to the cultivation of large fields
and is comparable with the best lands in the center of the Corn
Belt of the United States. Throughout the region cornstalks- are
commonly left in the fields during the winter, and in some cases they
are not properly disposed of the following spring. Where the stalks
are removed from the field they are hauled to a convenient spot near
the farm buildings and piled mmto huge stacks. These stacks often
contain stalks which are several years old. In many localities only
a 3-year system of crop rotation is practiced, consisting of corn, wheat,
and a fodder of the millet type (usually Panicum sanguini).

In the northeast-central portion of the area, surrounded by a large
expanse of drifting sand, is the locality about Debrecen, (pl. 4, B)
which, although it differs in many respects from the other centers
of corn production, is included in this general region because the
intensity of infestation in it differentiates it from the other areas
discussed. The soil here is in general of looser texture than is found
farther south. The region is also more heavily wooded, particularly
the portion surrounding the town, where several tracts of oak forest
have been preserved.

Corn is chiefly grown in small plantings, and a 4-year rotation
locally called ““Norfolk 4,” consisting of alfalfa, wheat or rye, corn,
and either sugar beets or spring fodder, seems to be generally practiced.
As a common feature of agricultural practice one-third of the land is
manured every five years with a mixture of horse and sheep manure,
one-third treated with sewer water, and one-third superphosphated.

Corn is grown in quantity throughout the valleys in Transylvania.
Another important area, although ecologically quite separated from
the central European plains, as previously defined, is the extensive
depression known as the Wallachian Steppe, drained by the Danube
in Rumania and extending to the deltas at the Black Sea. This corn-
growing area is separated from the former locality by the southern
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Carpathians, or Transylvanian Alps, and the status of the corn
borer in this region is very different.

WESTERN HUNGARY

Another important grain-producing area in the eentral European
plains lies in western Hungary, mainly in the triangle formed by the
Danube and Drave Rivers and a line drawn from Budapest to the
Drave River through Székesfehérvar, Lake Balaton, and Nagy-
kanizsa. This area, although ineluding much level ground, is more
rolling than the one just discussed. Three localities in this area,
characterized by important differences, will be mentioned.

Szombathely is the first, and is in the extreme west-central part of
Hungary, near the Austrian border. Nearly all corn grown there is
in small garden patches maintained almost solely for the immediate
needs of the families. The soil is light, gravelly, somewhat sandy,
and less adapted to large areas of eorn planting than any other part
of the area. This is one of the ehief buckwheat-growing localities
in Hungary, and produces considerable tobacco.

There is considerable corn production about Nagykanizsa, in the
southwestern corner of Hungary, south of Lake Balaton (pl. 4, C.)
The land there is rolling and sparsely wooded. Corn is grown in
valleys between wooded hills. The soil is fertile, although sandy in
isolated spots. A few miles farther southwest, near the town of
Murakereszttr, on the flatter land of the river valley of the Drave,
is found another center of corn production. Large quantitics of the
adapted Cinquantino flint are grown here.

Pécs, near the southern boundary of Hungary, about midway
between the Drave and Danube Rivers, lies in a semimountainous
country, well wooded, and with rich land in the valleys. A large
quantity of corn is produced in the rolling country and on the platean
surrounding Téseny, a few miles north of Pécs. The soil is usually of
the clay-loam type and, in general, the agricultural practice is good.
The cars of corn are stripped from the stalks in the field, and the stalks
left standing until the cattle have fed upon the leaves; the stalks are
then cut and carried to the barnyard, where they are used throughout
the winter for bedding, fuel, feed, other farm purposes. Around
Téseny the remnants are generally burned in the spring. Using a
portion of the stalks in the compost piles is also a loeal practice.

NORTHWESTERN HUNGARY

The last important area of corn production to be mentioned,
included in the central European plains, is that known as the “Little
Alfsld,” lying in the northwestern part of the basin which has been
described, and comprising such important centers as Komarom, Gyér,
Bratislava, and Papa. This area, however, 1s more a center of sugar-
bect production than of corn production.

Gyor (Raab) is one of the important centers in the Little Alfold
and Yes on the Raab River. To the westward of the city the land is
flat and agriculturally rich. This is not a typical corn-growing coun-
try, but the corn, chiefly of the flint type, is heavily manured with
each planting and is well cultivated. The main crops produced are
sugar beets, wheat, rye, and potatoes,
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VARIETIES OF CORN AND METHODS OF PLANTING

During the last 15 years rapid strides have been made in central
Europe mm the selection and breeding of varietics of corn which par-
ticularly suit the nceds of the grower; notwithstanding this fact, the
corn grown on the peasant’s farms can rarely be separvated into any
other classes than dent, flint, fodder, and the Italian varieties known
as Cinquantino and Pignoletto, both of which have characteristics
that relate them to flint. Among these varictics some have white,
some yellow, and some red kernels, ranging in character from the
large, soft kernel to the more compact, decply set grain.

Information compiled in 1921 by J. Jablonowski ® has been de-
pended upon to furnish information concerning the history of corn-
growing in Hungary. The original corn grown in this area was a
variety of dent, havmg soft, yellow kernels. Crossings of this
“Hungarian maize” with such American varietios as Prairie Queen,
Farmers’ Favorite, King Philip, Iowa Gold Mine, Wisconsin Early
White, Leaming, etc., have produced certain distinct varieties, which
are now planted throughout the region.

Probably the ehief variety in Hungary is Bankiiti, a dent corn first
developed In the town of Bankiit, in the southeastern part of Hungary,
near Mezdhegyes and Bekescsaba (pl. 4, A). According to Doctor
Jablonowski, this originated in a cross betwoeen Prairie Quocn and the
native dent, 'which was followed successively by crosses with Bristol
and Golden’ Beauty. The development of this variety (owing to the
cfforts of Ladislaw Baross de Bélus) led to a dent corn of extremely
high quality, comparable with any of the best varieties of this type
in the United States. This corn ripens carly, has well-proportioned
cars, and yields by weight about 89 per cent of shelled corn and 11
per cent of cob. The kernels are orange yellow, hard, deeply set in
regular rows varying from 18 to 20 to the cob and be&rmg from 52 to
64 kernels to the row. This plant is of very sturdy growth, grows
from 9 to 12 feet high, and is succulent, remaining for a considerable
period green and suitable for forage.

The most widely grown type of flint corn, known as Hungarian
Flint, has hard, white, loosely set kerncls. Its chief subvarlotv is
known as Székély 8-row. The flint corns are not casily dlStnglllbhed
from one another by actual varietal names, but the natives speak of
them as the “yellow,” the “100-Day,” the “VVhite,” and the “small-
kerneled.”

Of importance also are the long-eared vellow flints, some of which
are fairly pure crosses between the native flints and Longfellow.
A crossing between Longfellow and Pignoletto, an Italian type,
has resulted in the production of an excellent close-grained, hard-
kerneled variety. Throughout the Little Alféld, or northwestern
portion of the plains, extending into Czechoslovakia, is found a
yellow small-eared flint corn, the plants of which grow to a height
of only 4 to 414 feet and bear two cars.

Throughout the southern part of Hungary is found the Italian
variety Pignoletto, a useful corn ripcning early and producing a
short ear with fine, hard, closely set, red kernels. Many crosses
have been made between this corn and the Hungarian types, as

$ JABLONOWSKI, J. THE EUROPEAN CORN BORER AND ITS CONTROL IN HUNGARY. Abstracted by W.R.
Walton and J. 8, Wade. 25p. [Washington, D. C., 1921. Mimeographed.)
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A.—Dent corn at Mezohegyes, June 17, 1924,
B.—Typical growth of corn near Debrecen, Hungary.
C.~View near Nagykanizsa, Hungary,
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well as between it and certain American varieties. The best cross
between Pignoletto and the American variety Prairie Queen is
called Putyi, or the rose corn, and was developed first in the region
around Hodniezovasarhely. Another common variety, associated
and often confused with Pignoletto, is Cinquantino, an Italian corn
of similar characteristics, but having kernels of a yellow-orange
color.

In most cases the writers found it impossible to assign a distinct
varictal name to a corn selected for observation. The merging of
one variety into another was often the basis for & new name, local
in character, having no particular scientific foundation, and often
used to designate many subvarieties of corn. In Hungary and
Yugoslavia, on large estates where careful corn breeding is done,
definite records are available concerning a particular variety; but
the varietal name used by the proprietor does not aid in the general
separation of varieties grown outside this restricted territory.

The outstanding variety grown in the Yugoslavian corn belt is
known as Rumna Dent, and is a large, well-formed, golden-eared
corn. This corn is the result of the acclimatization and crossbreed-
ing of native varieties with several American varieties. The growth
of the plant rcsembles that of the Bankti varicty.

Flint corn, with the exception of the small-cared Italian varieties,
is seldom grown in the center of the corn belt. The change in pre-
dominance of dent corn over flint corn takes place from south to
north, the flint corns entirely superseding the dents in the corn areas
of Slovakia.

Sweet corn, in the American sense, is rarcly grown in the central
European plains except where seed may have been brought over
by returning emigrants or introduced for experimental purposes.
There has been no systematic effort to breed this type except at some
of the experiment stations in Slovakia, and when a variety of corn,
translated as sweet corn, is encountered in the central European
Elains the reference is usually to the early-maturing corn grown for

uman consumption throughout this region. This corn was evi-
dently originally a type of flint, the ear varying from 5 to 10 inches
in length and having 8 to 12 rows of large, loosely set, white kernels.
It varies greatly in quality, and one aequainted with some of the
Ameriean varieties of sweet corn does not enjoy its flavor or texture.

Fodder corn is grown extensively; it is closely sown and is cut and
fed while green. Silage, as Americans understand it, made in silos,
is rare, although since the World War it has become a greater source
of forage than previously.

Silage, in the native sense of the word, is a mixturc of forage beets
and fodder eorn, cut up, sprinkled with salt and water, and left to
ferment in a large pit dug in the ground and covered over like a
mound.  Oceasionally fodder corn is sown thickly, and the plants are
cut while fairly green and cured as hay.

Pop corn is also grown in the central European plains and is of
the same type as that commonly seen in the United States. It is
prepared for consumption in the same manner as in the United States,
and is sold during the winter by peddlers at street-corner stands.

In the center of the corn belt, corn is planted from the end of March
to the beginning of May, the time depending upon the locality and
the season. Most of the crop in the south is planted during the first
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two weeks of April, and in the northern section of the country about
the first week of May. All methods of planting are in use, from the
most modern to the most primitive, but on the better farms there
are two definite systems. According to one system the distance
allowed between rows is 28 inches, and the plants are grown in hills
1 foot apart, with four plants to a hill. Aeccording to the other system
the corn is drilled in rows 214 to 3 feet apart and, alter the third
spring cultivation, the plants are thinned so as to grow from 4 to 7
inches apart. Although the larger part of the labor is performed by
hand, the fields in general are very free from weeds.

The harvest occurs between September 15 and October 15, Usually
the corn is husked in the fields; the ears are then carried to the farm,
graded, weighed, and stored in ' cribs until shelled in the latter part of
winter or early in the spring. The stalks are cut shortly after the
harvest and are stacked in immense piles to be used for fodder, bed-
ding, and, in the more southern regions, as a valuable item of fuel.

THE CORN BORER AS A NATIVE OF THE CENTRAL
EUROPEAN PLAINS

Thanks to the painstaking effort of J. Jablonowski, director of the
Royal Hungarian Entomological Expcriment Station at Budapest,
much valuable information concerning the corn borer, as an inhabi-
tant of central Europe, from the time its prescnce there was first
recorded until the outbreak of 1915-1917, has been collected and is
in the possession of the Bureau of Entomology at Washington.

ORIGINAL HOST PLANTS

A study of these data leads to the belief that the corn borer, which
has almost a strictly one-generation seasonal history throughout this
corn area, became a permancnt source of danger to the production
of corn soon after the increase of the planting of this crop as an
important staple in ccntral Europe. It is possible that the borer
was originally confined to plants of the grass family, although it is
equally logical to assume that the original host was wild hops. In
the central European plains the inscct depended for its cxistence
chiefly upon three plants—broomcorn millet (Panicum miliaceum),
hops, and hemp, which are mentioned in the earliest published
accounts as its chief hosts. With the increase in corn production
the preference of the borer for maize became more evident, and
first attracted widespread interest through the serious outbreak in
1879. At the present day the transition to corn might be charac-
terized as practically complete, so favorable has the insect found this
introduced host.

To-day the corn borer has practically abandoned hops in the hop-
growing area of northern Bohemia, although in former times it
repeatedly caused severe damage to this plant. This is also true
of hemp, and in large areas of hemp which have been scouted an
infestation could rarely be found. The use of millet as a true host
plant, however, still assumes an economic character in certain re-
gions. (See sectlon devoted to infestation in millet.) But, in
general, corn carries the bulk of the infestation in whatever area
1s considered in these investigations.

The picture of the corn borer in its present environment is more
complete when one considers the fact that the heaviest larval con-
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centrations are now found in typical eorn regions, such as southern
Hungary, northern Yugoslavia, western Rumania, and the valleys
in Transylvania (now a part of Rumania).

SEASONAL HISTORY

The mature larvae which have survived the winter in the central
Furopean plains begin to pupate in the latter part of May, the
first pupa observed in 1925 in these investigations having been
found in the field on May 18, the first in 1926 on May 20, and the
first in 1927 on May 23.

Table 3 preseuts the average dates of several outstanding events
in the seasonal history of the European corn borer, as observed in
the years 1924 to 1927, inclusive, in Hungary and Yugoslavia, and
Table 4 the average progress for the same years of other features
of seasonal development as related to selected dates of the develop-
mental season.

TasLe 3.—Average dates of occurrence in the field of certain events in the seasonal
history of the European corn borer, 1924 to 1927, inclusive, n Hungary and
Yugoslavia

Average date
Feature of occurrence
in the field

First puDe el May 20.

50 per ceut pupation June 17-18,
100 per cent pupation. July 20.
Firstadult___________ June 8-9.
50 per cent enlergence._ July 1-2.
100 per cent emergence July 25-26.
Firstegg. .. ........ June 16-17.
Abundance of eggs__
Last egg observed . _
First larva..__________
1 per cent of larvae attain fifth instar___ July 11.
50 per cent of larvae attain fifth instar_ . ___________________________________________________ Aug. 34,

1 The date of the last field observation of eggs in 1927 is not included in this average, no observations
having been made after July 11.

TaBLE 4.—Average progress of features of the seasonal development of the Euro-
pean corn borer in the central Europcan plains at selected dates of the developmental
season, 1924 to 1927, inclusive

Oviposi- | Percentage
Percentage | Percentage | .

Date of pupa- of emer- tl;);s(%lg‘s- og::]}éep%arr-
tion 8enC® 1100 plants) | fifth instar
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In studying the normal progress of pupation, from May 20 onward
as shown 1n Table 4, it will'be seen that during the first 15 days of the
period the advance is very slow; in the interval from June 4 to June 9
the number pupating is almost doubled. Pupation continues during
a period of two months and is nearly completed in the third week in
July. There are, however, larvae which do not pupate until very
late in the summer, more especially thosc which have been in the
cold, moist centers of immense corn piles.

Although the four years of observation show on the whole an evening
up of development toward the end of the season, the course of devclop-
ment has varied in different scasons. Fifty percent of the larvae in
the field had pupated approximately one week earlier in 1924 than
was the case in 1925, 1926, and 1927; but emergence was completed
n 1924 one week later than in 1925 and 1927, and two weeks later
than in 1926. The first adult obscrved in 1925 was recorded on June
2, and the first in 1926 and 1927 on June 12. Although emergence
proeeeds more rapidly than pupation, it is spread out over a period
of more than a month and a half, extending from June 4 to July 24.
The sharpest rise in emergence normally occurs between June 19 and
June 29. Emergence is never naturally complete as early as July 24;
there is always a small pereentage of late-pupating individuals
emerging throughout the summer, even to the middle of September.

Owing to the fact that such data on oviposition as could be collected
had to be taken from field observations, it has been much more
difficult to express numerically the deposition of eggs on successive
dates than to give similar expression to pupation and emergence.
There was no opportunity to run cage experiments to determine the
egg-laying period, and the best that could be done was to count the
cge clusters per 100 plants in the ficld. The resulting figures, in-
cluded in Table 4, are therefore only approximate.

In 1924 the first egg cluster was observed on June 6. No accurate
observation of this character is available for 1926; on June 24 of that
year there were already present in the field a total of 12.7 clusters per
100 plants. The maximum number of eggs in the field was recorded
on July 9 in both 1925 and 1926, whereas in 1927 this fcature was
observed one week earlier. Eggs are found in the field late in the
season; in 1925 the last known cluster was observed September 27.

Sinee in these investigations detailed study of the life history of
the eorn borer was considered secondary in importance to the deter-
mination of the intensity of infestation by the insect in various
regions, the actual development of its various stages could not be
observed as closely as would have been the case had the investiga-
tors been situated at a permanent laboratory, with a series of con-
trolled experiments under their observation. Data on the progress
of larval development by instars were obtained by collecting each
day as many larvae as possible while making plant dissections to
determine the larval population. The larvae collected were pre-
served in chloral hydrate, in vials which wcre scaled and saved.
At the end of the season, when the investigators had returned to the
field laboratory at Hyeéres, France, all this matcrial was carcfully
dissected for data on parasitism, and the stage of development of
each larva was noted.

Although considerable information has been collected as to the
time of appearance of each instar under field conditions, it seemed



17

THE CORN BORER IN CENTRAL EUROPE

better to present in Table 4 the progress in the appearance of the
fifth instar. These data are also valuable as a basis for determining
the approximate time at which commercial damage may be expected
to appear.

The first larva usually appeared between the middle and the end
of June and attained the fifth instar by the middle of July. A most
interesting fact brought out is that 50 per cent of the individuals
reached the fifth instar in the first week of August. Ninety-five
per cent or more had reached this stage in the last week of August.
Toward the latter part of September the larvae had in nearly all
cases ceased feeding and had entered the diapause, and remained in
that state until pupation in the following spring.

NUMBER OF GENERATIONS PER YEAR

Since one of the most important purposes of this project is to
determine the number of generations of the borer occurring annually
in all regions visited, whatever time could be spared from the collec-
tion of systematic data in the central European plains was devoted
to trips through areas thought likcly to be cither in the transition
zone or the 2-generation zone.

The importance of knowing what seasonal rhythin* is induced by
a particular cnvironment has been discussed in a previous paper
by the senior writer (2). In the work upon the distribution survey,
reported at the beginning of this bulletin, particular attention, was
given to the collection of data which would show the type of the
scasonal cycle of each region visited. Besides these general obser-
vations, detailed data upon this feature of the project have been
collected in the central European plains and are presented in Table 5.

TaBLE 5.—Numbers of specimens of the European corn borer examined in 1925,
1926, and 1927, in selected regions of the central European plains, with percent-
age of pupalion in each case, indicating prospective individuals of the second
generation

. : Specimens :
Year Region examined Pupation
Number Per cent

HUDEarY o e 12,400 0.008
1925 .. Yugoslavia.__ .- 6,000 .017
Entire area._. 18, 400 .011
Czechosiovakis 847 .100
1926 Hungary_.... 14,151 .020
""""""""" Yugoslavia 5, 508 None.
Entire area... , 504 .020

Hungary..... 10, 782 27

1927 Yugoslavia and Vojvodina - 6,353 .38

"""""""" Yugoslavia and Serbia...._._ .- 229 3.06

| Entire 888 - - - - oo oo 17, 364 .35

It should be stated here that the number of specimens examined
upon which the percentage of pupation is based were taken from the
routine field data, so as to give as accurately as possible the true
percentage of those that were forming a second generation for the
year named, by pupating or unmistakably preparing to do so. These

4 The term rhythm as used throughout this discussion means that tendency of the insect which causes

g.l ;o tpersist in the frequency of its transformations after a change, either natural or artificial, in its environ-
nt.

54736°—29——3
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percentages therefore represent for the several named ycars the rcla-
tive effect of the various temperature-moisture combinations in
producing exceptional individuals of the second generation under the
environmental conditions normally present in this almost strictly
one-generation area.

All recent data collected from the field follow the eonclusions
drawn by the senior writer in two previous papers (I, 2), and theso
new data will be discussed in a paper to follow. Since the publica-
tion of the second of those papers definite information has been made
available that southern Yugoslavia and an adjacent portion of Greecc
is a strictly two-gencration region, and that, in Germany, Baden and
Bavaria are strictly one-gecneration regions.

Information has been collected by the Japanese beetle investigators
in the Orient which indicates that three gcenerations of the corn
borer a year occur in southern Japan, two in central Japan, one in
northern Japan, and one and a partial sccond in Chosen (Korea).

Suggestions have been made that the individuals in the two-gencra-
tion area in the United States which have a life cycle different from
that of the individuals in the one-gencration area, and somewhat
different habits as to host plants, be considered as representing a
distinct “biological species.”” Such a distinction appears undesirable,
owing to the fact that related insects are ordinarily not considered
separate ‘‘species” when they interbreed freely, producing fertile
offspring, and when many individuals show intergrading characteris-
tics» In the case of the corn borer such groups of individuals can
thercfore preferably be considered as biological varieties or strains.

It has been shown elsewhere by the senior writer (I, 2) that the
differences in life habits of the one-generation and two-generation
strains in Europe are correlated with certain diffcrences of environ-
ment; and that 1t is not improbable that these differences in the biono-
mics of the two strains have resulted from the reaction of the inscct to
different environmental conditions at some time in the past history of
the specics, in accordance with hypotheses which he presented.
Experimental tests have shown that the respective habits of both the
one-gencration and the two-generation strains persist when the insects
are artificially transferred to new climatic conditions, and that this
persistency has been maintained in the United States experimentally
for a period of eight years. However, conditions in Europe, as well
as experiments in artificial breeding, lead to the belief that environ-
mental circumstances, such as short summer seasons and certain
conditions of precipitation, may eventually result in changing the
seasonal cycle of the two-gencration form in the direction of a one-
generation habit, and vice versa. How much time may be required
to accomplish this result is, of course, entirely problematical.

EXTENT AND ECONOMIC RESULTS OF INFESTATION

In discussing the infestation of various crops by the corn borer,
both as to extent and as to economic results, the writers do not attempt
to present detailed data collected year by year for the separate fields,
but to give a general view of the possible injury to the crop as a
whole, and to analyze to some extent its economic results; discussing
in turn the infestations of corn, of other crops of economic importance,
and of certain miscellaneous plants, some of economic value and
others of interest only in some other respect.
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CORN

In Table 6 are presented, by localities in the country chiefly affected,
data on the more important features of infestation of eorn in the
vears during which were condueted the rescarehes here deseribed.
In succeeding paragraphs special features of the infestation will be
discussed. )

In Hungary and Yugoslavia a very interesting fluctuation in the
intensity of infestation has been observed. A survey of the infesta-
tion at the time the corn ripcned was made in approximately 300
ficlds in each of the four years, 1924-1927. The data in Table 7
are based upon tlhe examinations made in 1,118 fields during the
4-year period.

TasLe 7.—Analytical data relating to the infestation of corn by the Buropean corn
borer in 1,118 fields in FFungary and Yugoslavia, 1924-1927

Proportion of fields in group Average larvae per 100 plants!
Group —
1924 1925 1926 1927 1924 1925 1926 1927

Per cent | Per cent | Per cent | Per cent | Number | Number | Number | Number
9.2 8.9 46.3 21.0 17.5 17.5 22.7
7.4 . 75.3 72.0 71.1
13.2 153.0 139.8 139.0
13.2 257.0 | 250.1 241. 4
20.6 445.4 | 428.0 422, 1
18.7 | 744. 1
87| L1} 1,070.0 |.___._____ 3 1,085.2
5.2 1,407.5
2.0 oo d__..... 1,680.0| 1,618.4 __________
L2 | o o_oo..g 1,900 ... 1,843 _________.
! Bl 2,270.0 |..______ -

Proportion of plants infested 2 Average
: I
Qroup | Propor- Propor-
1024 1925 w2 | 1027 | tomof | TATYES | tion of
] - fields in miants plants

| eroup p infested

Larvae per 100 plants: Per cent | Per cent | Per cent | Per cent | Per cent | Number | Per cent
0to49__ o 13.2 13.5 14.3 16.4 33.7 19.7 14. 4
50 to 99. ' 32.9 42.6 45.6 33.8 8.8 74.4 38.7
100 to 199 4 48.8 50.5 83.3 15.2 140.2 52.2
200t0209 ______ . o 66.1 64.2 86.8 8.7 246.7 69. 5
300to 509_______ S 85.1 78.3 93.4 17.9 435. 2 83.1
600 to 809 __ P 93.6 9.9 96. 6 9.5 746.9 93. 4
900 to 1,199 _ [ ! 100.0 ....___._. 98.9 2.8 | 1,064.6 99.1
1,200t0 1,499 _________ 4 100.0 100. 0 9.3 2.0 1,355.2 99.8
1,500 to 1,799___ . B (R 100.0 99.9 L7 1,649.2 99.9
1,800 to 2,099___ ! 1000 _.._._.._. 99.9 .5 1,897.2 99.9
2,100t0 2,399 ... 100.0 .2 2,270.0 100. 0

1 Average larvae per 100 plants for the four years, 299.80.
7 Average percentage of plants infested in the four years, 55.86.

The character of this fluctuation is clearly shown by the distri-
bution of the fields in the different groups of larval population per
100 plants. From a minimum in 1924, when only 8.4 per cent of
the fields examined had a larval population of 300 or more borers
per 100 plants, a figure of 59.8 per cent was reached in 1925. Al-
though in 1926 a smaller number of fields werein this category (57.2
per cent), the intensity of the infestation was actually increased,
as is shown by the greater number of fields in the groups of higher
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larval population. The average larval population and percentage
of plants infested were also higher in 1926 than in 1925. In 1927
the insect was so reduced in numbers that its status was almost
comparable to its status in 1924.

Figure 2 represents graphically the average of larvae per 100
plants for each of the four years eoneerned, without reference to the
separate groups, and Figure 3 in a similar manner the average per-
centage of infestation of the plants. The data here represented are
not given in Table 7.

It may be of interest to illustrate further the intensity of the
infestation in the most severely infested fields in the central Euro-
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FIGURE 2.—Graphical regresentation of the average number of larvae
of the European corn borer per 100 corn plants in 1,118 fields in
Hungary and Yugoslavia in 1924, 1925, 1926, and 1927

pean plains. The highest larval population observed in 1924 was
found in a field of dent eorn at Mezohegyes, Hungary, which had
1,960 borers per 100 plants. In this field both 100 per cent of the
plants and 100 per cent of the ears were infested, and 82.4 per cent
of the plants were broken. In 1925 the most severely infested field,
which also had a plant infestation of 100 per cent, was found in
Senta, Yugoslavia, with 3,830 borers per 100 plants, and a maximum
of 40 borers in a single plant. In this field, also, 100 per cent of the
ecars were infested, and 87 per cent of the stalks were broken. In
1926 the field of maximum infestation had a larval population of
2,360 borers per 100 plants, and a maximum of 39 borers in a single
plant. The year 1927 produced no comparable “worst’ field,
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since the highest larval population, found in a field in Mezdtir,
Hungary, was 1,457 borers per 100 plants, with a maximum of 24
borers in one plant. In 1926 the maximum number of larvae in
one plant did not occur in the fields having the highest larval popu-
lation; in a field at Velika Kikinda, in Yugoslavia, 51 larvae were
found in a single stalk, and 22 larvae were dissected from one ear of
corn.

Although the “worst” infested fields are indicative of the possi-
bilities of the insect in years of outbreak, it is only by a proper appre-
ciation of their relation to the corn belt as a whole that an accurate
picture of the intensity of infestation can be obtained. )

Let us consider that general area which we have designated in the
map (fig. 1) as the center of the corn belt, in terms of fields which
during the four-year period sustained larval populations of 300 to
1,000 per 100 plants, and 1,000 and more per 100 plants.
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Ficure 3.—Oraphical representation of the average percentage of corn
plants infested by the European corn borer in 1,118 fields in Hungary
and Yugoslavia in 1924, 1925, 1926, and 1927

Since few systematic data were taken in 1924 in Yugoslavia, com-
parison with other years is not warranted. In the Hungarian portion
of this district, however, 21 per cent of the fields had populations of
from 300 to 1,000, and 5 fields, or 8.8 per cent of the fields in this
locality, had populations of 1,000 borers or over.

In this discussion of the relationship between heavily infested fields
and the other fields considered, attention should be given to the
ficures in Tables 6 and 7. The presence of a large percentage of
heavily infested fields in this region is particularly dangerous economi-
cally, since the fields are larger here than in other portions of tlie corn-
growlng area, and more of the tillable land is devoted to the growing of
corn.

In 1925, in the center of the corn belt, 72 per cent of the fields had
populations ranging between 300 and 1,000 borers per 100 plants, and
3 per cent had 1,000 or more borers per 100 plants. These data, as
well as those for the following years, include all ficlds from both the
Hungarian and Yugoslavian portions of the center of the corn belt.
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In 1926 71 per cent of the fields in this area had populations of
from 300 to 1,000 borers per 100 plants, and 22 per cent of the fields in
the center of the corn belt had over 1,000 borers per 100 plants.

As indicated by the remainder of the data, the striking reduction
observed in 1927 was widespread, and correspondingly only 10 per
cent of the fields in this district had populations of between 300 and
1,000 borers per 100 plants, and 2 per cent of the fields had 1,000 or
more borers per 100 plants.

Conditions for the entire corn belt are accurately pictured in Table
7 for the 4-vear period, and the towns in the center of the corn belt
having high larval populations are shown in Table 6. It is expected
that a further analysis of intensity of infestation will be made at the
completion of the 5-year period and discussed in a separate publication.

Although it is highly essential to collect information showing the
seasonal development of the corn borer, its habits, and the possi-
bility of infestation, the most critical phase of the investigation
demands concise information on the actual decrease in yield result-
ing from the activities of the inscct. Unfortunately, because of
imperfect methods, it is not possible at the present time to represent
by a definite figure a certain degree of damage directly ascribable
to the insect. One can sec the damage, however, and by comparison
with the normal vield in a certain locality obtain an idea as to the
probable importance of the role of the insect in reducing the yield
I a given season below the expected crop. For example, a field
could be damaged by high winds in the absence of the corn borer,
but where the insect is abundant the same wind undoubtedly would
produce greater damage; yet to assign a definitc value to the rela-
tionship existing between larval population, high winds, and ulti-
mate damage would be next to impossible. Furthermore, actual
estimates of injury caused by the feeding of the borer would not
tell the whole story, since no consideration would be given to the
effect of forced maturity upon the yield of grain. Forced maturity
is frequently found in areas of high larval concentration, and de-
creases the food value of both stalks and cars, if they are to be used
as fodder. These effects may be further intensificd by conditions of
drought.

The estimation of loss due primarily to the corn borer is often
complicated by the presence of various fungi, which become a more
pronounced factor in years favorable to their development.

The crop loss in a field planted solely for the production of seleeted
seed may be roughly estimated by a count of the number of ears
which must be discarded as a result of injury by the borer. The
problem becomes more difficult, however, m the majority of fields
in the central European plains, where corn is grown for both grain
and fodder.

Tn 1924 and 1925 the investigators attempted to arrive at a figure
which would approximate the crop loss sustained in various locali-
ties. It was felt, however, that not all of the loss as estimated
could be directly ascribed to the attack of the corn borer, although
the results were useful in picturing the conditions present in the fields
having high larval populations. .

It should be remembered that estimates of loss which are based
upon the money value of the crop to the farmer in terms of expect-
ancy of a certain yield should not be confused with the amount of
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actual damage inflicted upon the crop by the insect. It is naturally
unfair economically to estimate losses upon such a basis, because
this method tends to hide the fact that a fair yield may have resulted
in spite of very evident damage by the insect. Throughout this
discussion the authors have attempted to indicate clearly this differ-
ence and to point out every case where the estimate has been based
upon the supposed money value of the crop, had not the insect been
resent.

P In 1924, at Mezohegyes, in south-central Hungary, the actual loss
resulting from the fecding of the corn borér upon the grain was de-
termined by accurate counts. Two fields were of particular interest.
In one, in which the average larval population was 1,460 per 100
plants, the grain suffered a direct loss of 50.4 per cent, whereas the
yield from this field was only 7.4 per cent of what was expected.
In another ficld, in which the larval population was 1,960 per 100
plants, the direct loss of grain was 55.2 per cent. In this locality the
average direct loss of grain for the season, based on a count of 10
fields, amounted to 4.9 per cent, while the total estimated loss in yield
caused by the ravages of the insect was 16.8 per cent. In 38 fields
examined, constituting the entire district, the loss caused by the insect
was cstimated at 23.9 per cent of the value of the crop—a loss higher
than corn under normal conditions is expected to suffer in that region.
One field of the group was so badly damaged that no harvest was
attempted, and the stalks were used for compost.

During the years in which examination was made commercial loss
was noted in all seetions of the main corn-growing region, and partic-
ularly in the corn-belt center represented by the locality of Mezo-
hegyes. In 1924 attempted estimates showed that Bankit, lying to
the northward of Mezohegyes and in the main corn belt, suffered
& direct loss of 18.4 per cent of the crop, and Novi Sad, Yugoslavia,
an average of 18.9 per cent, both estimates of losses being above the
normal loss expected.

These figures indicate the possibilities of the insect in inflicting
damage, but they should be considered with the qualification that
this damage occurred in a year when an “outbreak’ could not be
said to have occurred. In the year 1925, when the investigations
were extended and the insect had increased in abundance, the possi-
bility of severe attack became more evident. Three noteworthy
cases occurring in the heart of the corn belt in Yugoslavia may be
mentioned, in all of which the corn crop was totally destroyed. (1)
A field at Senta, in northern Yugoslavia, near the borders of Hungary
and Rumania, with a larval population of 1,542 per 100 plants, was
totally destroyed; (2), one at Veliki Be¢kerek, with a larval population
of 1,142 per 100 plants, was similarly affected; and (3) one at Velika
Kikinda, with a similar larval population of 1,074, produced no corn.
In the same year very high average losses also occurred in several
districts, noteworthy among which were the average losses in money
value of 45 and 40 per cent for the districts of Senta and Veliki
Betkerek.

The damage in this season was further increased by high winds,
which broke over the infested plants before their maturity. The
importance of this factor, particulaily in a season of highinfestation,
was illustrated in several ficlds. In one field of dent corn near Temerin,

54736°—29——4
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17 miles north of Novi Sad, Yugoslavia, having a larval population
of 1,430 per 100 plants and a plant infestation of 100 per cent, 74.3
per cent of the plants were completely broken over. (Pl. 5, A, B.)
In another ficld at Mezohegyes, Hungary, where scvere windstorms
occurred, an average of 43 per cent of the plants were broken in 9 fields
of flint corn, having a larval population of 462 per 100 plants and a
plant infestation of 66 per cent; and on 21 fields of dent corn, with a
similar larval population of 569, the pcreentage of broken stalks was
66. A third striking illustration was found at Pées, Hungary, where
an average of 73.8 per cént of the plants were broken in 4 fields of
dent corn, having a larval population of 50.8 per 100 plants.

To bring out further the extreme possibilities of damage toeorn,
let it be assumed that where the larval population rises above 400
borers per 100 plants, and the ear infestation rises above 25 per cent,
there is danger of commercially important damage. This assumption
is based upon experience, both in North America and in the central
European plains, whieh indieates that this intensity is the ‘‘danger
point,” above which appreeiable loss will normally occur. However,
in such areas as Baden, Germany, losses may occur with larval
populations as low as 100 borers per 100 plants. The assumption
here used is thercfore arbitrarily made for conditions found existing
in the eentral portion of the Tluropean eorn belt.

By referring to Tables 6 and 7 it may be seen that, on the basis
of a 4-year average, which may be taken as a tentative normal ex-
pectaney, 33.6 per ecnt of the ficlds in the central European plains
will always be in danger of eommercial damage, and that in the
majority of cases these ficlds will be found in the vieinity of Szolnok,
Szeged, Békéscsaba, and Baja, in Hungary, and of Novi Sad, Pancevo,
Veliki Bedkerek, and Velika Kikinda, in Yugoslavia. It may also
be expected that these localities will have an average minimum of 78
per cent of the fields infested. Judging this condition from the
standpoint of ear infestation only, there are to be added the towns of
Kaposvar and Nagykanizsa, in Hungary, and Stari Bedej, Subotiea,
and Sombor, in Yugoslavia. With the data at present available it is
not possible to indicate definitely what degree of commereial damage
may be expected in conncetion with various intensities of infestation
nor what percentage of fields in different localities would sustain this
damage.

It 1?he reader uses the method of scrutiny previously outlined for
each of the four years under consideration, he will gain a clearer
picture of the possibilities of damage by the corn borer in its native

home.
OTHER CROPS OF ECONOMIC IMPORTANCE

Previous to the time when considerable attention was directed
toward the study of the corn borer very little information was avail-
able as to the complete list of host plants of the inseet in the central
European plains. Doctor Jablonowski in his manuscript records
wild and cultivated hop, hemp, corn, broomcorn (Sorghum wvulgare),
broomeorn millet (Panicum miliaceum), cotton, sunflower, mustard,
oats, and barley, and an incidental infestation was discovered in
grapevines.

The known distribution of the corn borer has been thoroughly
diseussed by Caffrey and Worthley (3), by whom attention was
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drawn to the fact that the insect is normally an inhabitant of many
regions beyond the limits within which corn is grown, and has been
and still can be a pest in those regions.

For the purpose of this bulletin the discussion has been confined
to the regions in which the authors personally made observations,
which will be discussed separately.

MILLET

Several reports in the Russian litcrature mention the fact that
the corn borer has destructively attacked millet (Panicum sanguini)
and that outside the corn-growing area in Russia the insect is a
continuous inhabitant of this plant, doing more or less damage.

A series of counts to show tlie infestation of iillet were made
by taking a group of stubble, 100 to a row, the initial counts being
taken about & yard from the base of the first row of millet stacks
and the others at a distancc of a pace toward the next row. The
average of the counts taken in the first row of stubble next to the
stacks showed an infestation of 23.4 per cent, and the infestation in
the other rows was found to be 16.7, 7.5, and 1.4 per cent, respce-
tively. The average infestation for all stubble in the counts was
10.3 per cent. Several millet stacks were lifted from the ground,
but no larvae were discovered in the stubble underncath them.

During the season of 1925 the investigation of the infestation of
millet at Mezohegycs was continued, and {rom the examination of
1,400 plants an average stem infestation of 24.2 per cent was found,
with a larval population of 39 borers per 100 plants. This was the
Lighest infestation observed in millet. During the season of 1926
counts taken in the same locality showed that the stem infestation
had dropped to 2.8 per cent.

1n the season of 1924 counts werc made at Mezdhegyes in a 35-acre
field of millet which had been cut for about a week. At the time of
observation the crop was being carried to the barns. (Pl. 6, A, B.)
Ilive separate counts of 200 plants were made in each of the seven
rows, or a total of 7,000 plants, from which the average infestation
was found to be 8.1 per cent. A particularly interesting feature
of this infestation in millet was that immediately after the stems
were cut the larvae left them and migrated to the stubble, the latter
being 2 or 3 inches high and affording the larvae excellent quarters.
This migration was strikingly evidenced by the fact that near the
rows of stacks the stubble in many spots was topped by flufty
white balls of frass, indicating the presence of the larvae. As one
walked out into the field toward another row of stacks the quantity
of these frass balls decreased; their presencc again became more
marked as one approached the next row.

Fields of millet were examined in other sections of the country,
but the infestation found was very slight. The results of counts
nade during the season of 1926 will give an idea concerning the inscet’s
abundance 1n this plant; at Szombathely, one plant out of 500 was
infested; at Székesfehérvar, none out of 100 examiined; at Nagy-
kanizsa, none out of 400 examined; at Bankut, 1.8 per cent; and at
Szeged, an infestation of 16.8 per cent.
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BROOMCORN

Although the infestation in broomeorn is never so high as in eorn,
fields have been examined where the infestation in the butts attached
to the eut heads was so high that exportation of the heads would be
dangerous if not preeeded by some inseetieidal treatment.

During the season of 1924 two areas in Hungary, those about
Debreeen and Mezdhegyes, were earefully examined for data on
broomeorn infestation. The average infestation for the first region
was 5.4 per cent of the plants, with an average infcstation of less
than 1 per cent of the heads alone. At Mezdhegyes an average
infestation was found of 17.3 per eent for the plants, and 9.6 per eent
for the heads. At Bankut, a short distance from Mezshegyes, the
broomeorn was found to have 29.9 per eent of the plants infested,
and 7.7 per eent of the heads. The maximum infestation of broom-
eorn for this season was found at Bankit, in one field where there was
an average infestation of 54.8 per eent of the plants and 16.4 per
cent of the heads.

In 1925 these investigations were continued, and at Mezdhegyes
an average infestation of 26.4 per eent was found in broomeorn plants.
The larval population in 100 plants was 174, while in the eut heads
only 8 larvae per 10 pieces were found. At Bénkit in this year the
infestation was 26.4 per ecnt of the plants, with a larval population
of 26 per 100 plants, while the eut heads were found to have 7 larvae
per 100 pieees. Counts were made also at Malkd, near Szeged, dis-
closing an infestation of 29.5 per eent of thc plants and a larval
population of 78 per 100 plants.

The infestation of 1926 was much lichter than were the infesta-
tions in 1925 and 1927; at Mezdhegyes only 4.3 per eent of the plants
were infested, with a larval population of 5 per 100 plants. No
bigher infestation than this was found in Hungary during the season.
Counts were taken in Sombor, Subotiea, and Velika Kikinda, in
Yugoslavia, and the infestation at those places was found to be eor-
respondingly low, being 0.7 per eent, 5.7 per eent, and 0.2 per cent,
respeetively. In a count of heads made at Sombor 1.3 per eent were
infested, while at Subotica the average infestation was 3.2 per eent.
Tn each infested tip only one larva was found.

An examination of 7,844 broomeorn plants in the eentral European
plains in 1927 showed that 0.88 per eent were infested with an average
of four borers per 100 plants, and that 0.96 per cent of the plants
were broken.

Larvae of the eorn borer may be found throughout the area whero
broomeorn is grown, but the infestation is generally very light.
(PL.7,A,B)

HEMP

Although hemp has been mentioned repeatedly in the literature
as one of the oldest host plants of the corn borer, it is rarely found
infested at the present time in the eentral European plains. (Pl 6, C)

From the data eolleeted during the four seasons of investigation
it may be concluded that the corn borer offers no hindranee to hemp
cultivation. The highest infestation of hemp in 1924 to 1927, in-
elusive, was observed at Mezohegyes, Hungary, in 1924. The data
for this infestation were taken on September 27, when 40 per cent of
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A.—Field of millet at Mezohegyes, Hungary.
B.—L.oading millet at Mezdhegyes.
C.—Mlature hemnp at Mezdhegyes.
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A.—Broomeorn near Beregsas, Czechoslovakia.
B.—Broomcorn at Bankat, Hungary.
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A, B, and C.—Scenes near Rakonitz, in the hop district of northern Bohemia, Czecho-
slovakia



THE CORN BORER IN CENTRAL EUROPE 29

the crop had already been eut for drying. The average infestation,
based upon counts of 2,500 plants, was found to be 14.5 per eent, with
a larval population of 17 per 100 plants. The partieular field where
the eount was made was planted with femalc hemp, drilled in rows,
and later thinned to 4 or 5 inches between plants, so the hemp at the
time of maturity appeared like an immense growth of reeds. The
infestation of this field was undoubtedly an exeeption, sinee no other
such infestation was discovered. Hemp is usually planted in the
first week of April, and harvested between Septeinber 15 and Septem-
ber 25. The male plant matures more quickly than the female, and
the plants of this sex had all becn harvested and hauled to the faetory a
week before the infestation was determined.

In 1925 many examinations of hemp were made, the highest infes-
tation, based upon an cxamination of 10,600 plants, being found
again at Mezohegyes, but averaging only 2.2 per cent.

In 1926 counts of hemp were made in Yugoslavia, but the infesta-
tion by the corn borer was so scattered in charaeter that the avcrage
for the area would be even less than one-half of 1 per cent. These
data are all the morc interesting when it is considered that they were
taken, in all cases, where the larval population in eorn was averaging
from 700 to 1,300 borers per 100 plants.

HOPS

Doctor Jablonowski states in his manuscript that the eorn borer
was very dangcrous to the eultivation of hops during 1879 and 1880
in Bohemia, in 1886 in Bavaria, and in 1893 in Alsace. The notes
concerning the outbreak of 1879 in Bohemia are striking as an indi-
cation of the intensity of the attack. TIn the heart of the finest hop-
growing region of that country, at Rakonitz, the larvae were so
abundant that the harvest for that season was entirely uscless, and
in the districts of Saaz, Laun, and Podersam every hop grower suffered
losses fromn the ravages of the inseet. The larval population at that
time may be appreciated from the faet that from 15 to 30 borers
were found in each vine. Infestation in hops, when severe, is partie-
ularly destructive, owing to the faet that even two or three borers in
a vine which is approaching maturity, i. e., at the height of the
blossoming period, so weaken it that the blossoms are very much
fledueed in size and poorly formed, and many fall to the ground before

arvest.

In 1925 a trip was taken throughout this region in Bohemia,
where formerly the insect had been such a pest to the hop plant,
and the important centers of Domousi¢e, Roudnice, and Zatee
(Saaz) were visited on August 8, 9, and 10, respeetively, just at the
beginning of the hop harvest. Many fields were examined, but
only 23 Tarvae, all in the fifth instar, were eollected for the entire
area. (Pl. 8.)

VARIOUS SORGHUMS

At the time of a visit to Bankit, Hungary, on September 28,
1924, a 2-acre field of feterita was cxamined and found to have
an infestation of 3.0 per eent, with an averagec population of 1.1
borers per plant. None of the plants were broken over as a result
of the feeding of the larvae which at that time were mature, although
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in one stalk thrce borers were found. At the time the feterita was
full-grown and the seed heads were drying, the injured plants in
most cases could be recognized by their undeveloped heads. '

While the senior writer was at Temerin, Yugoslavia, on September
9, 1925, an opportunity was given him to inspeet a 3-acre planting
of kafir corn on the estate of Mr. Popovitch. The planting was
still green, and just beginning to mature. Several hundred plants
were cxamined, and only one stalk was found infested. The corn
in this locality averaged over 95 per cent in plant infestation, with
080 larvae per 100 plants. Practically no sorghum is grown on a
commercial scale anywhere in the central European plains, although
it is planted occasionally for experimental purposes.

Cousiderable effort was expended in 1926 to diseern possible
sorghum plantings through the ministries of agriculture of Czecho-
slovakia, Hungary, and Yugoslavia, in order that data might be
collected showing the relation of the insect to the culture of this
crop. In no case was any information available on the subject.

During the eourse of the scouting trip which the junior writer
made through Czechoslovakia in the summer of 1926, he was able
to make a count of infestation in a species of sorghum at Bratislava.
This sorghum was locally known as “Indian millet,” or “red sor-
ghum,” but its scientific name was not available. It had been im-
ported from Russia, and expcriments werc being carried on in this
region to determine its suitability as a fodder plant. In a plat
spproximately 160 feet long and 6 feet wide 1,000 cut stalks were
carefully examined, and 4 were found to be infested by the borer.
The stubble left in the field ranged from 6 to 8 inches in height, and
in an examination of 1,000 of them 12 were found to have been in-
fested, 4 of which contained live larvae. The corn in the same
locality had an infestation of 17 per eent.

In addition to the information obtained from the experimental
plantings, an examination of 1,500 sorgo plants in Székesfchérvar,
Hungary, in 1927, showed a 1 per cent infestation by the borer,
with a larval population of 1 borer per 100 plants. A count of 1,000
plants in a 5-acre field of feterita, 7 feet high, located near Cegléd,
Hungary, showed no infestation.

With the exception of these chance observations, very little infor-
mation could be colleeted in central Europe coneerning the advisa-
bility of planting sorghum instead of corn as a fodder crop. From the
standpoint of the North American farmer this substitution may
become an important move in the fight against the ravages of the
corn borer, and it therefore seemed advisable to start experimental
plantings in various regions in the central European plains. This
was done, and the data obtained from such plantings in 1927 are
discussed on page 39.

MISCELLANEOUS PLANTS

During the four years of investigation extensive eounts were made
in other crops of economic importance such as tobacco, potatoes,
beans, beet tops, oats, wheat, and barley, but no infestation was
diseovered in any of them.
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WEEDS AND OTHER PLANTS NOT ECONOMICALLY IMPORTANT

Throughout the four scasons in which the present investigation
was condueted the status of the corn borer in various common weeds
was observed when practicable. The infestation of all such weeds
has an important relation to the eflectiveness of any clean-up cam-
palgn that might be instituted.

In 1924, in the area where the infestation of corn averaged more
than 50 per cent, examinations were made of species of Amaranthus,
Chenopodium, Ambrosia, thistle, Rumex, and Echinochloa. The
only infestation found in these was in a species of Echinochloa grow-
ing in a field of heavily infested corn, of the ‘“peasant’s-field” type,
just outside the town of Nagykanizsa, in Hungary. The field of corn
was thickly grown up with this species, and in an examination of
1,000 stems 92 were found to be infested, with one borer to the stem.
In the central European plains, at the time of maximum oviposition,
the common weeds are not so attractive to the borer as is the corn.
For example, when observations were made at Debrecen on June 10
and 11, 1924, Amaranthus and Chenopodium were only about 4
inches high, whereas corn had attained a growth of about 18 inches.

With the progressive increase of the infestation in corn in 1925
and 1926 the infestation in several of the common weeds likewise in-
creased. Counts made at Mezohegyes, Hungary, on October 9,
1925, showed that 5 per cent of the stems of 1,400 plants of Amaran-
thus, all growing in a heavily infested cornfield, were infested, and
that on an average there were 3.9 larvae per 100 stems. At the same
time 1,000 plants of Solanum nigrum were examined, of which 3.5
per cent were found to be infested, with an average of 3.2 larvae per
100 plants. In the same locality many stems of Xanthium and Echin-
ochloa were examined, but no infestation was found.

On a visit to Temerin, in Yugoslavia, on Scptember 6, 1925, the
senior writer observed a 25-acre ficld of heavily infested dent corn
entirely surrounded by thick clumps of a species of Xanthium,
the plants of which were fairly mature. One hundred per cent
of the plants of corn were infested, with a larval population of 980
borers per 100 plants. Two hundred plants of Xanthium were in-
spected, of which 82 per cent were found to be infested, with an
average of 7.4 borers per plant. In the same field a quantity of a
grass belonging to the genus Echinochloa was examined, and 5.5 per
cent of the stems were found infested, with an average of 1 borer
per infested plant. It is the opinion of the writers that this heavy
infestation of weeds was due solely to direct migration from the
corn; regardless of this fact, so intense an infestation points out
the neeessity for extreme care in clean-up measures undertaken
even in a one-gencration arca.

The further increase in the infestation in corn in the season of
1926 was followed by an infestation in weeds which became still
more marked. Counts made in Amaranthus in the Mezéhegyes,
Hungary, district, on August 26, 1926, showed that 18.3 per cent
of the plants were infested, while at Kaposvar, Hungary, from
which no record of infestation in weeds had previously been re-
ported, there was an infestation of 12 per cent in Amaranthus.
The spread of the infestation during this season in Echinochloa
was even more interesting; the infestation at Gyér was 3.5 per
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cent; at Nagykanizsa, 3.8; at Szolnok, 2.5; at Békéscsaba, 0.6; and
at Mezohcgyes, 7.4 per cent.

In September, 1926, counts of weeds were madc in Yugoslavia.
In Echinochloa an infestation of 16.6 per cent was found on Sep-
tember 10, at Velika Ilikinda; of 17 per cent at Senta, on the
11th; of 7.8 per cent at Sombor, on the 14th; and of 7.5 per cent
at Subotica, on the 17th. In Amaranthus an infestation of 8 per
cent was found on September 9, at Velika Kikinda; of 18.7 per cent
at Senta, on the 11th; and of 15.5 per cent at Subotica,.on the 12th.
In Chenopodium an infestation of 11 per cent was found at Velika
Kikinda on September 9, and one of 1 per cent at Subotica on the
12th. At Subotica, on the 12th, also, an examination of Xan-
thium was made but no infestation was found. Temerin, where
a heavy infestation occurred in the previous year, was not visited.
At Subotica a heavy growth of Polygonum was examined, but no
infestation was found.

In 1927 a few examinations of weeds were made, which may be
summarized by saying that 3,670 plants of Echinochloa were exam-
ined, of which 1.4 per cent were found infested, having 8.4 borers
per 100 plants; of 1,420 plants of Amaranthus examined, 1.5 per
cent were found infested, with 6 borers per 100 plants; of 240 plants
of Polygonum exaniined, 1.7 per cent were infested. No infestation
of weeds has been observed in the central Kuropcan plains except in
close proximity to corn.

NATURAL ENEMIES
PARASITES

A study of the distribution and abundance of parasites of the corn
borer in thc central European plains has been carried on for four
years in connection with the collection of other data, and has included
field notes takcn in connection with various observations, and infor-
mation gained from laboratory dissections of host larvac. During
the spring and summer of 1924 a total of 4,400 host specimens were
observed in the field. In 1925 this number was increased to 15,025,
in 1926 to 29,840, and in 1927 to 36,876. Laboratory dissections of
6,516 borers were made in 1926, and of 4,911 in 1927. In the deter-
mination of parasitism by a species of Trichogramma 5,983 eggs of
the borer were examined in 1926 and 10,375 in 1927,

In the central European plains only three principal parasites of
the corn borer are commonly encountered in the collection of field
data. These consist of Masicera senilis Rond., a tachinid, and two
hymenopterons, Eulimneria crassifemur Thom. and Microbracon
brevicornis Wesm. Records show definitely the presencc of all
threc species in southern Czechoslovakia, Hungary, and northern
Yugoslavia; Masicera senilis Rond. occurs in southern Yugoslavia,
Rumania, and Baden, Germany, and Microbracon brevicornis Wesm.
in southern Yugoslavia. The other hymenopteron, E. crassifemur
Thom., has also becn recorded from Rumania and Baden.

Besides these more important parasites, a species of Trichogramma
commonly attacks the eggs of the corn borer in Hungary and northern
Yugoslavia. Dioctes punctoric Roman parasitizes a very small per-
centage of the larvae occurring in these two regions, and a species of
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Eulophus has been observed occasionally in southern Czechoslovakia.
Another tachinid, Zenillia roseanae B. B., has been recorded from the
Dalmatian coast of Yugoslavia. .

The degrec of parasitism by any one species, or by all of them,
varics considerably in different localities and even in various fields
of the same locality. Table 8 lists by region the average parasitism
by the three chief species, and the maximum by locality observed in
1923 to 1927, inclusive,

TasLE 8.—Parasitism of the KEuropean corn borer by its three principal parasites
in the central European plains, as observed tn 1924~1927

SOUTHERN CZECIOSLOVAKIA

Parasitism by—
Year . Total
Eulimneria| Masicera cl\g:]c{;ggai: parasitism
crassifomur |  senilis cornis
1926 ______ o 4.3 0.0 3.3
1027 e | 1.3 0.4 10.6 12.3
AVOIAgO. . | 2.8 0.2 7. 10.0
HUNGARY
19.5 21.8
3.1 8.7 12.8
1.4 17 3.8
0.2 1.6 5.1
0.8 3.5 8.8
1.4 6.6 10.8
0.7 3.2 5.1
0.03 8.4 19.6
1.1 11.9 25.2
0.6 7.2 18.7
MAXIMUM PARASITISM IN ANY SINGLE TOWNSHIP
4.5 11.4 35.8 37.8
10.0 7.7 32.5 33.2
22.3 0.9 4.5 25.8
25.9 6.0 17.9 41.8
25.9 11. 4 35.8 41.8

1 C'ollections made from cornstalks of 1923 in the early spring of 1924. The specimens found are properly
credited to tho 1923 generation.

Since no intensive biological study has been made of these parasites
as they exist in this region, some brief statements relative to their
seasonal history are here presented, based upon field data and in-
formation already gathered by other workers.

Masicera senilis Rond., as in other regions of its occurrence, prob-
ably overwinters as a sccond-stage larva within the body of its host,
both pupation and emergence taking place in the carly spring. The
finding in 1926 of two live puparia of this parasite on August 21 and
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of another on August 27 would indicate the possibility of at least a
partial second generation in central Europe. '

Eulimneria crassifemur Thom. normally has but one generation
in central Europe. The parasite overwinters in the larval stage
within its cocoon and emerges early in the following spring. As
soon as corn-borer larvae of sufficient size make their appearance in
the field the females begin depositing eggs within their bodies. De-
velopment of the parasite larva within t%xe body of its host appears to
take place very slowly during the summer months, the spinning of
cocoons not occurring until late in the fall.

It is W. R. Thompson’s opinion that the detailed data at hand are
indicative of the occurrence of a true rest period in the first-stage
larvae.

Colonies of Microbracon brevicornis Wesm. are found early in the
spring in overwintered cornstalks, and during most of the summer in
growmg corn. The chicf value of the field data on Microbracon lies
in the demonstration of the continuous presence of this parasite
throughout the developmental season of the borer.

It 1s a generally accepted opinion that the adults overwinter, al-
though there is a possibility that the species also hibernates in the
larval stage within spun-up cocoons.

The females are often abundant and deposit their eges upon over-
wintered host larvae by the middle of April. At least two generations
arc completed before the elimination of the host by pupation. The
parasites in their development pass directly from the overwintering
host to the growing larvae of the summer season, and the generations
so overlap that it 1s difficult to define their exact limits.

Microbracon brevicornis is usually most plentiful in localities where
it is a common practice to stack old stalks in large piles. As it is
known that the parasite is most effective at a time when all such
stalks should be out of the way, the practice lessens the possibility
of making this species effective by artificial colonization.

Observations have been made upon the presence of egg parasites,
but a really satisfactory survey is impossible, owing to the lack of
time necessary for the propcer handling of the host eggs collected in
the field. In Hungary during the season of 1926 a total of 418 cgg
masses were collected from eight widely separated localities, and the
presence of a species of Trichogramma was indicated in Gyor in the
northwest, and Nagykanizsa in the southwest, and 164 adults were
bred from 20 host egg clusters collected in Pécs, in the south-central
portion of Hungary. In the Yugoslavian territory 363 clusters,
comprising 5,983 eggs, were collected ; from these 15 Trichogramma
adults were bred, the material originating in the town of Star1 Bedej.

These observations were continued in 1927 in both Hungary and
Yugoslavia. In 10 townships an average of more than 20 per cent
of the eggs of Pyrausta nubilalis were destroyed by a species of Tricho-
gramma, and 5 other townships showed an average parasitism of
more than 30 per cent. With the exception of only 2 townships, this
parasitism occurred in the center of the corn belt.

During the season of 1924 Melittobia acaste Wlk., a parasite of
Fulimneria crassifemur Thom., was bred from material collected at
Mezéshegyes, in the southeastern section of Hungary. This is the
only record of a hyperparasite obtained during the 4-year period of
mvcstigation.
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Routine collection of field data on the parasites, in connection with
the other phases of the project, is essential to the proper evaluation
of this biological factor in the reduction of larval population. It
should be pointed out, however, that much field information exists
regarding the distribution and intensity of parasitism by the chief
species of parasites in the central European plains, but lack of space
excludes it from this publication. The data referred to will be dis-
cussed in a paper particularly dealing with this subject.

DISEASE

Although thousands of corn-borer larvae have been observed in
many localities during the four years of investigation, no widespread
mortality that could be traced primarily to disease has been observed.
It is the opinion of the writers that the reduction of numbers by dis-
ease in the natural control of the insect is of minor importance when
compared with the operation of other factors.

Several observations on disease as a factor in control are among the
field data, however, and illustrate the general condition. In August,
1925, an assistant made observations on a disease which killed an
average of 20 per cent of the corn-borer larvae in five fields in the
vicinity of the town of Horgo$ (in northern Yugoslavia), one field hav-
ing from this cause a mortality of 50 per cent. This, however, is the
only instance of prevalent disease of the corn borer observed in this
g‘ork, and one ordinarily finds only an occasional larva killed by

isease.

At Gherghita, in Rumania, the senior writer observed numerous
dead overwintering larvae which were quite dry and covered with
3 furﬁgus; but it is not known that disease was the actual cause of

eath.

OTHER NATURAL ENEMIES

No enemies of the corn borer other than those mentioned have
been recorded in sufficient numbers to be classed as effective means of
fighting the borer.

The junior writer, in the course of field observations in Velika
Kikinda on June 13, 1926, observed numerous sparrows feeding upon
the larvae and pupae of the corn borer in old cornstalks. Large
flocks of thesc small birds are frequently observed flying about corn
stacks, and undoubtedly numerous larvae are destroyed by them.

Doctor Jablonowski, in his manuscript heretofore cited,® remarks
that Doctor Bako has seen the chimney swallow (Hirundo rustica)
capture the adult of Pyrausta nubilalis, but the reduction of numbers
in this manner is not important. The possibility is also recorded
that the rook (Carons frugilegus) accounts for the destruction of
a certain number of the adults, and for some of the larvae remaining
in the stubble and scattered remnants of corn upon the fields. There
are undoubtedly other natural enemies of the insect of more or
less importance, but they are to be noted only by chance obser-
vation.

§ JABLONOWSKI, J. Op, ¢it.
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CONTROL

The history of eontrol work against the corn borer in the central
European plains is chiefly that of isolated attempts of large growers
to eombat the insect by burning the crop remnants or feeding them
to stock. In all this area of fairly high infestation there is no real
conscious program of repressive measures against the inseet, although
on the occasion of several bad outbreaks in the past the Govern-
ment has issued ediets making obligatory the taking of precaution-
ary measures. There are, however, unintentional checks upon the
abundance of the insect, as is shown by the lighter infestation in
eertain regions where the culture is particularly clean and system-
atized, in marked contrast to the infestation in areas where the
stalks are left to collect from year to year. The latter procedure,
however, is sometimes necessitated, particularly in the center of the
corn belt, by the lack of fuel and in cases where the old stalks are
used as a substitute for straw or wood.

In 1897 Jablonowski reconunended as a measure of control the
burning of the stalks and crop débris. Again; in 1898, after the
outbreak of 1897, he issued a paper (4) giving a full account of the
damage caused by the corn borer, recommending great effort to
get rid of all unused portions of the corn plant before March of
the following spring and pointing out the necessity of removing
and burning both the stubble and the cobs. In 1916 the insect
again became so serious that it attracted the attention of every
agriculturist in the country; and eonsequently the Hungarian Gov-
ernment 1sstied an edict on February 26, 1917, making it obligatory
for each municipality to see that certain measures recommended
were taken to control the pest. In brief, this edict carried the
following provisions:

Cornstalks, cobs, and stubble were to be destroyed by being fed to stock,
being used as silage or compost, or by being burned before April of the following
'ear.

’ If, upon formal notice, this edict should not be obeyed, the work was to be
done by the officials and the expense charged to the owner.

Fines and imprisonment were prescribed for continual evasion, but these pen-
alties did not preclude the necessity of carrying out the precautionary measures.

No data are available on the results obtained by this edict, nor as
to how systematically it may have been enforced. However, the
probable efficiency of such methods may be judged when one takes
into account the faet that even to-day the farmers refuse to see the
damage done by the corn borer, and usually ascribe it to an ‘““act of
God.” The writers had an opportunity during the seasons of 1926
and 1927 to observe the cffectiveness of such a measure, when the
ediet of 1917 was renewed at the beginning of 1926, on account of the
increase of the insect in 1924 and 1925. Although the writers covered
the entire country of Hungary in their travel in the course of these
seasons, not a single instance of township-wide clean-up was noted.
Up to the present time very little information has been gained con-
cerning the real effectiveness of clean-up measures in reducing the
intensity of infestation in the native home of the insect; and in order
to formulate theories eoneerning the cheeks operating to control the
pest field observations tending to show what natural factors are in
operation must be relied upon. The important factors will next be
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A.—Scene on the Hungarian plain near Mezshegyes.

B.—Typical piles of old cornstalks at Mezohegyes. Such piles are to be found on the
large estates in the center of the corn belt.

C.—Family cornstalk reserve near Budapest.
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C.—Harvest of hops grown on wires.

1B.—Modern method of growing hops, using wires.

A.—Old methiod of growing hiops, with wooden poles.
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diseussed, but it should clearly be realized that any evidence here
offered as to the cffcctiveness of any natural factor is not by any
means conclusive; the available data are too scaice, and the results
of four seasons of 1nvest1gat10n do not offer a poss1b1hty for the study
of the large series of both supernormal and subnormal fluctuations
that would be required as a basis for reliable conclusions.

AGRICULTURAL PRACTICE

CROP DISPOSAL

As previously stated, no widespread attempt at systematic clcan-
up of corn remnants, or at cultural practice to control the inscet,
was obscrved in the central European plains.  1In 1926 and 1927 this
was also true, although the ediet making obligatory the destruction
of old stalks was revived and more rigidly enforeced. The failure of
this edict to control the inseet in the large corn-growing areas may be
largely explained by the fact that throughout this practically trccless
region the dried stalks have an immense value as fuel and as a sub-
stitute for wood for farm use. Another causc of failure lay in the
fact that no great cffort was made to have the preseribed measures
enforced. Many large growers arc carcful to kecp their ficlds clean
and to sce that the crop remnants are disposed of before the following
spring, but these cases are so isolated in any one region that any

esultlnv reduction of the pest would be difficult to cvaluate. Owing

to the lack of positive information the data colleceted during the past
scasons can be relied upon only to furnish indications of uncertain
value.

As one travels from the center of the corn-producing region under
discussion, where are such hcavily infested localities as Velika
Kikinda, Veliki Betkerck, and Senta, all in Yugoslavia, and Meczé-
hegyes, in southcrn Hungary (pl. 9, A, B, C), to the northwestern
arca of considerably lighter infestations near Gyér, Kapuvar, Ko-
mirom, and Papa in the northwestern part of Hungary, one is led
to believe that one of the factors controlling the difference in larval
population between the two areas is that of prevailing agricultural
practicc. In the southern arca thce nondisposal of remnants of
the corn crops offers an excellent opportunity, year after ycar,
for the insect to reestablish itsclf in considerable numbers. On
the other hand, in the northwestern area clean eulture and the dis-
posal of corn débris are matters of farm routinc, not primarily for
the control of the insect but because the type of agriculture is more
diversified and the farmer wants his land clean for the crop that
is to follow. It has been the writers’ experience cvery spring in
which observations have been made in this area that old stalks
were extremely difficult to find, particularly at the town of Papa,
where a whole day was often required to obtain material upon whick
to base a satisfactory life-history count. It must be remembered,
however, that this area does not contain nearly so much land planted
to corn as does the southern area, and this difference must be con-
sidered in describing the cause of the diminished infestation observea
toward the northern limit of corn production in central Europe.

To emphasize the authors’ opinion that organized clean-up of
débris of the corn crop should be the main feature of the effort towurd
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control, the unquestioned success of the clean-up in 1927 in reducing
larval population in Baden, Germany, is here mentioned.

Under the direcetion of Dr. W. Zwélfer, of the Baden Agricultural
Chamber’s Plant Breeding Experiment Station, Rastatt, Baden,
the town of Baden and its environs were thoroughly cleaned up
before the spring of 1927. TFollowing the trend of 1925 and 1926,
an increase in infestation would have been expeeted in 1927 in the
Baden region. In that year warm nights during the oviposition
period and warm, humid weather during the prescnee of the earlier
instars were unusually favorable for larval development, and an
inercase in infestation throughout the province was indicated. A
survey from August to September, comprising 19 townships dis-
tributed from the north to the south of Baden, revealed that Ras-
tatt stood alone with a reduced larval population in comparison
with that of 1926.

This reduction is all the more striking in view of the faect that
in 1927 in the other localitics of Baden there was an average of
700 per cent increase in infestation over that of 1926. The year
1927 was an exceptionally favorable year for the larval establish-
ment, and Rastatt Towmnship undoubtedly would have shown a
corresponding result had not the control program effected a reduction
of 86 per eent.

As pointed out, although the data are not sufficient as yet to
determine the effect of clean-up work upon the annual establish-
nient of the larvae in the various years, they do show the tremendous
importance of a well-organized clean-up as an eflicient repressive
measure.

CONCENTRATION OF HOST PLANT

The regions in the central European plains which support heavy
larval populations are gencrally those whieh have the greatest per-
eentage of land devoted to the culture of corn, and henece, as a con-
eomitant, have laree quantities of erop débris.

Conecentration of the host plant only, however, does not neeessaril
indicate an arca of heavy infestation, nor is the reverse true in all
cases. An illustration of this fact is shown by the conditions present
in the Wallachian Steppe of Rumania, where, notwithstanding the
heavy concentration of corn and the large quantitics of crop débris,
the eorn Dorer is not an cconomie factor. In this case climate seems
to be the limiting factor.

Another striking case of unlimited host material but low larval
population, due in this instance to a change of agricultural practiee,
1s found in the hop-growing distriets of Bohemia, in northwestern
Czechoslovakia. In the course of many conversations with experi-
enced hop growers the writers found it to be the general opinion that
the gradual change from the old method of cultivation, with the use
of wooden poles, to the later method, in which wire supports are util-
ized, had much to do with the elimination of the inseet as an economie
factor. There has not been an unusual appearance of the insect in
those distriets for the last 20 years. During the interval from 1828
to 1890, inclusive, the corn borer was considered the most serious
encmy of the hop plant. After that time the system of wire supports
for the vines came into use throughout the area. (PL 10.)

With this ehange of system the clean-up after harvest became more
thorough, as the vines could be very easily stripped from the wires,
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earried to a convenient spot, and burned before the next spring. To
a certain extent, also, this method did away with available places for
the hibernation of the larvae, which formerly migrated from the stalks
to the crevices in the Wooden oles previously used for supports.
Probably a third factor in the eFmination of the pest was the more
general use of commercial fertilizers, which followed the introduction
of the supporting wires, and which many growers believe are instru-
mental in kllhn«r the stray larvae that might overwinter in crevices
in the soil at the base of the vine and in destroymv those remaining
in the stubble, which is from 2 to 3 inches high.

The conditions in this region also hold true for the more southerly
arcas of hop culture such as are found in the vicinity of Mohics,
Hungary, where, in 1925, a large area of hop culture was 1nspected
and no infestation was found.

Concentration of a favored host plant no doubt plays its part in
the production of various intensities of infestation by the corn borer,
but to express the value of this factor in quantitative terms is at
present impossible. Such concentration, coupled with an increase in
sheltering débris, is an important factor in causing correspondingly
higher larval populatlon in certain environments. This fact is illus-
trated by the steady increase in numbers of the borer in the State of
Baden, n Germany. Grain corn in this region was practically un-
known commercial y or agriculturally before 1920. From that year
until 1922 there was a rapid increase in the number of acres devoted
to corn growing, and in 1922 the corn borer was first noted as a pest.
The areas planted to corn continued to be augmented, and the borer
population steadily followed; in 1925 the borer reached the propor-
tions of a future menace to the crop. 'This increase continued the
next year, and in 1927 the most striking widespread advance occurred
in all localities in Baden with one exception, Rastatt, in the vicinity
of which an organized clean-up campaign was carried on.

This discussion illustrates both the need to analyze carefully each
environmental factor, in order to establish commercial “danger
points,” and the need to ascertain for each environment the possi-
bility of larval concentration.

CHANGE OF HOST PLANT

As the substitution of various varieties of sorghums for corn as
fodder seems to be economically practical in some of the North Ameri-
can corn-producing centers, a study of the possibility that such plants
may be injured by the corn borer was begun in Hungary in 1927.  Five
varieties of common grain sorghum and two varieties of sorgo were
planted in each of five localitics, representing typical differences in
agriculture in the central European plains. The only infestation
found was in plats located at Gyor, in northwestern Hungary. (See
p. 30.) Of 701 plants of dwarf broomcorn 2, or 0.29 per cent, of
388 plants of reed kafir 2, or 0.52 per cent, and of 342 plants of dwarf
yellow milo 2, or 0.58 per cent were infested. Although an extremely
low infestation was found in the sorghums under observation, the
probability that sorghums might continuously support a low but
significant larval population in_ this particular type of environment
should prevent the making of the general assumption that sorghums
are practically immune from attack by the corn borer. A careful
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study of the environment in which sorgliums may be used as a sub-
stitute for corn must be made, as is shown by the faet, established in
Guam and in the experimental plantings in eastern Massachusetts
(3), that certain varieties of sorghum may sustain heavy larval

populations.
TYPES AND VARIETIES OF CORN

TYPES

When this projeet was started in 1924 there was eurrent a belief
that dent corn would never be as heavily infested as flint eorn or
suffer a eomparable degrec of eommereial loss, but in the light of
further data upon infestations in the North Ameriean areas this
belief has becn found crroneous. The information obtained in the
central Kuropean plains also definitely shows that dent corn 1s severely
injured by the corn borer; in fact, the corn-belt ccuter of Hungary
and Yugoslavia, where the greatest losses have occurred, is a typically
dent-corn region.

As to which type of corn grown in the samc arca stands the best
chance of being the more heavily infested, tliere does not seem to be
a striking difference between the dent and flint types. The discovery
of any sueh difference, if indeed it exists, is made difficult by the fact
that in the southern areas very little flint corn is grown, this typc
being chiefly confined to the morc northern districts, where dent corn
is seldom planted. It was also observed that when flint eorn was
grown in the south it was usually of the ‘““100-day’’ type, planted
very early, and so rendered liable to a heavier infestation.

At the present time it would be hazardous to draw a dcfinite con-
clusion as to which type of corn is likely to be the more heavily in-
fested, although the data now collected show that during threc years
of observation the flint varieties have not generally been infested as
heavily as the dent varieties. This question is intimately involved
with the predominance of a certain type in a particular region and the
attractivencss of the two types, because of vegetative conditions, at
the time of oviposition.

It is-the writers’ opinion that in the large centers of eorn culture
there is not much diffcrence between the infestation in the two types,
although data taken in 1926, in the southern scetion of the eorn
belt, show that the dent eorns sustained three times as much larval
population as did the flint corns. It is known that during the
spring in this region the flints were not so far advanced as were the
dents, and that the data were almost exclusively taken from the large
white and yellow Hungarian flints. That this point must be taken
into consideration is indicated by the infestation in the corn-belt
center during the season of 1924; at that time the flint varieties were
much more heavily infested than the dent varieties. The ehief point
of interest to be emphasized, however, is that the type of eorn which
predominates in any region carries the bulk of the infestation, and
the predominance of the dent over the flint type decreases from south

to north.
VARIETAL DIFFERENCE

It is a common experience throughout Hungary, in questioning
farmers in regard to the varieties that are most susceptible to the
attack of the eorn borer, to obtain in many cases the response that
Padua White, belonging to the flint type, has been so badly infested
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by the insect that its continued planting has become uneconomical.
This corn is probably a cross between the native Hungarian types
and corn which was originally imported from the region surround-
ing Padua, in Italy. The plant produces a poor grade of ear, with
10 to 12 tows of large, soft, white kernels, and is commonly desig-
nated as a “floury” corn. The planting of this variety throughout
Hungary has practically ceased, presumably owing to the attack of
the msect.

In the course of field observations made by Mr. Malama, an
assistant in Yugoslavia in 1925, it was found that Mastodon White,
a dent, was much less infested than other varieties of corn in the
same locality. A planting of this corn at Subotica, seeded on April
6, was found to have no infestation during the early part of the
season, when the stallk infestation of the other varieties in the saine
district averaged 12.5 per cent. This region was revisited at har-
vest time, and the data taken then show a stalk infestation in the
Mastodon to be only 33.7 per cent, while similar infestation of other
varieties averaged 80.9 per cent. At this time the larval population
in Mastodon was 42 per 100 plants, and the average for the township
was 330. Investigations during the following seasons showed, how-
ever, that there was no apparent diffcrence in infestation between
this variety of corn and others grown in this region.

In the course of these observations other cases were thought to
indicate a variety less susceptible than usual to attack by the corn
borer. In all cases, however, the differences in infestation were
evidently not consistent, and their explanation must be found in
the operation of some other natural factor.

In 1926 the Department of Agriculture of Czechoslovakia under-
took an investigation to determine what varieties of American corn
could be adapted to the corn regions of that country and to esti-
mate the possibility of damage to them by the corn borer. A large
number of both dent and flint varieties are now grown on the fields
of the various experiment stations, and detailed data for two years
regarding their infestation by the borer are available. Some of the
more important data for four varieties, grown both at Komarno,
in Poland (not the Komarno in Czechoslovakia, shown in Figure 1),
and at Beregsas, in the eastern part of Czechoslovakia, are pre-
sented in Table 9. These data are averages for the two localities
and for the years 1926 and 1927. Data for only two years are not
sufficient in such a case as this to warrant definite conclusions.

TaBLE 9.—Average data for 1926 and 1927 of the infestation by the corn borer of
four varieties of American corn, grown at Komarno, Poland, and at Beregsas,

Czechoslovakia

: Infestation | Infestation | Larvae per
Variety of plants | ofears | 100 plants

Per cent Per cent Number
63.0 35, 205
b52.7 19.0 124

34.5 10.7 113
43,4 | eeeeaneeeaa 70
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Judging from their expcrience in the area infested by the corn
borer in the central European plains, it is the opinion of the writers
that the varicty of corn has, in comparison with the more important
factor of the time of pla,ntmg, little to do with the possibility of sus-
taining damage by this insect. Experiments now being carried on in
Europe and in North America, however, may bring to light varieties
with different degrees of susceptibility.

TIME OF PLANTING

Everywhere in the corn-growing area of the central European plains
the farmers emphasize the fact that corn planted very early in the
spring is much more heavily infested than the later plantings. Some
illustrations of this fact are to be found in data, presented in Table
10, on the infestation of corn, planted at successive dates and in
widely separated localities. Because of the diversity of the observa-
tions the data for all localities and varieties, and covering the four
years 1924 to 1927, inclusive, have been averaged together. Except
for the latest plantlng, May 27 to June 2, the progressive decrease of
infestation with successive dates of plantmg is very marked.

TaBLE 10.—Average data on the infestation of corn planted at successive dales at
widely separated localities in the central European plains, 1924—1927

. . . Infestation Infestation | Larvae per
Time of planting Fields of plants of ears 100 plants .

Number Per cent Per cent Number
2 87.4

March 25t081. ... 53.0 1,012
April 1to7....____ - 27 6.7 33.8 4
April 8 to 14 131 0.5 | 28.0 382
April15to 21 T = 157 49.4 20.9 281
April 22 to 28 1. T 109 433 | 12.6 | 194
April 29 to May 5 I 3 54 32.1 9.4 151
May 6 to 12. ... [ 28 33.1 2.2 160
May 13 to 19.___ J b 18 21,0 5.6 | 51
May 20to 26 4 14.4 4.5 37
May 27 to June 2. .. __ I 3 2.5 15.1 102
LT % ) I ’ ____________

At present no attempt will be made to draw definite conclusions as
to the correlation between the various dates of planting and the
weather conditions prevalent during each season, since a series of
records covering at least 10 years should support such deductions.
The data show, however, that corn planted in the period from March
25 to April 14 sustains the heaviest infestation, and corn planted in
the period from April 22 to April 26 shows it to a lesser degree. In all
years many of the fields planted at carlier dates show in the detailed
figures a lesser infestation, probably owing to the fact that germina-
tion was so dclayed that after the interval from May 15 to May 30
the corn was really not in as good a condition for growth as was that
planted between April 1 and April 14.

The figures indicate a sharp decrcase in the probability of infesta-
tion in corn planted after May 13. This date, however, even for the
center of the corn belt, is much too late for such large dent varieties
as Fleischmann, Bankutl and Ruma Golden to mature properly.
April 22, however, is not too late to plant these varieties, and planting
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at this date might enable the growers to escape an appreciable amount
of damage.

Although the data at hand are incomplete, they indicate the
possibility of breeding a variety of dent corn, yielding well and
suited to the requirements of the central European plains, that
might escape considerable injury if planted after April 21. It
must be kept in mind, however, that in this type of cornland with
its corresponding climate, the spreading out early in the season of
pupation and emergence would preclude the possibility of develop-
ing any variety which would entirely escape scrious damage in a
bad yelar. At best this would be only one phase of the necessary
control.

ENVIRONMENTAL FACTORS IN CONTROL
SOIL

After the status of the insect in 1924 had been ascertained it was
found that the heaviest larval populations almost invariably occurred
in corn grown upon river alluvium or loess-loam soil. In the im-
mense area of sand, soda soil, and loam which lies between the Dan-
ube and the Theiss Rivers in Hungary, where corn is grown to a
small extent, no infestation was found in that year; and, according
to all reports obtainable, the insect had never been abundant there.
Upon the combination of gravel and loam soil found in the vicinity
of Szombathely, also, corn has been very lightly infested during
the past four years. There is another factor, however, which may
have more weight in determining the possibility of infestation by
the Insect in any given region—the concentration of corn, with the
consequent crop débris.

That there might be some indirect relation between the soil type
and infestation was pointed out as early as 1924 in a ‘“report of
work” submitted by the senior writer. At this time the advisa-
bility of planning the field work so as to study this feature was
carefully discussed, and it was dccided that the results would not
be of enough importance to warrant the additional labor imposed
upon the collection of field data. The amount of crop débris re-
maining, the effect of dates of planting, and the climatic limitations
in various localities appeared to be important factors quite over-
balancing the possible effect of soil type, except perhaps for infre-
quent cases which would not be evident from casual observation.

In 1927, at the suggestion of K. N. Transeau, of Ohio State
University, who has collaborated with the Bureau of Entomology
in its ecological investigations in Kurope and North America, the
fields from which systematic data were taken were carefully located
upon a soll map. The results of a grouping of these fields as to
soil type are shown in Table 11. The separation of the data (regions
and soil types) into groups follows the system employed by Peter
Treitz, the Royal Hunganan geologist, in mapping the lands in old
Hungary,
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TaBLE 11.—Average infestalion by larvae of the European corn borer in 1927, in
Jields in Hungary and Yugoslavia, classified by climate and type of soil-

Region 1, brown Region 2, black | Region 3, dark- | All
sylvansoils, climate | sylvan soils, mixed | brown prairie soils, Tegions
of beech forest deciduous climate | climate of prairie | £
Type of soil
Larvae Larvae | Tarvae | Larvae
Tields per 100 Fields | per 100 | Tields | per 100 | per 100
plants plants [ plants plants
Number | Number | Number | Number | Number | Number | Number
Loess 6 88 36 77| 5 202 201
Marl . 11 47 12 57 | 13 78 62
Sand.__..__ - 1 91 7 113 35 T
Allavial soils. . _____ 4 20 10 94 | 11 141 103
Ferruginous gravel. [+ 20 TR 1 SRR (RRRRPRIN [pRUPRIpRIPRINS PPN 35
Limestone.__ 1 25 34
Alkali soils_ 9 156 156
Meadow c: 8 375 375
Peat soils___ 2 308 308
Allsoils.__oo___o._._.. 28 ot | 73 | 8 164 | 199 150

It should be pointed out that when conclusions were drawn from
the field data and the type of soil was taken into account, a certain
discrepancy entered into the assignment of a field to a particular soil
type. All fields were first located upon a very detailed map of the
county or township, whereas the only soil map available was drawn
to a scale only one-fifth as large, thus in many cases wiping out small
local variations in soil. In order to avoid as many errors as possible
in the original data it would be advisable to take samples of soil from
each field selected, but this procedure would be impractical, owing to
the time required for other observations.

The 265 fields furnishing the data for Table 11 were first arranged
according to planting dates for each type of soil. There was enough
variety i these detailed data to prove the necessity of taking the
date of planting into consideration if the field data were to be used as
a basis for determining the expectancy of commercial loss for a
particular type of climate in connection with a certain kind of soil.
In analyzing the 85 fields upon loess soil in region 3 the insufficiency
of the data was evident, since a fairly accurate table could not be
constricted competent to bring out the average differences within a
certain year which were due to the time of planting.

In the consideration of all areas, because of the insufficiency of
data the soil types “meadow clay” and “peat” head the list of soil
types tending to favor higher larval populations. In region 3, in
which these fields occur, 26 fields were found on loess soil in which
the population was considerably above that shown for these two
types of soil. The sufficiency of these averages to warrant compari-
son must be derived from comparable detailed data. In general,
however, it is true, and the data support the statement, that soils of
the loess, alluvial, and mixed alkali types support heavier larval
populations than the other types.

The data show that there is a difference in larval population
between the regions or classes named in Table 11, but the use of
these classes as the index to ‘““possibility of damage” for a par-
ticular locality is not warrauted by them, since the classes them-
selves are too broad in limit to bring out the economic effects of
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such important factors as the eoneentration of the host plant, the
amount, of débris remaining, and the general agricultural practiees.
All of these factors oceur in particular temperature-moisture com-
binations which direetly affeect the ecorn borer. For instance, the
fact that in the central European plains the prairie elimate supports
the highest larval populations does not imply that this class of
elimate is a useful index, except in so far as the eoncentration of host,
the agricultural practice, and the inseet’s temperature-moisture
requirements are the same for all regions considered. The basis for
analyzing a locality as to the expectanecy of damage is further dis-
eussed on pages 45 to 51.

CLIMATIC FACTORS

Sinee the first year’s work upon the problems of eontrol of the
corn borer the fact has been appreciated that eertain peeulisrities
in the inscet’s development must be thoroughly understood before
the adoption of particular eultural methods of control in the various
regions into which it has spread. The development of distinet habits
concomitant with a ecertain number of generations annually, the
comparative stability of the seasonal rhythm in eertain environ-
ments, and the insect’s inherent ability to adapt itself to widely
different environmental conditions, even within the same zone of
seasonal history, have made nceessary a thorough analysis of these
peculiaritics of development. The results of sueh an analysis may
serve as a basis for determining what preeautionary measures should
be taken to prevent the rapid spread of the inseet and the line of
attack to be taken in its control after it has become established in
ecrtain environments. A thorough discussion of these problems and
of the research on them that has already been completed will be
found in two papers reeently published by the senior writer (I, 2).

1t was hoped that by these investigations, besides the immediate
usefulness of the data colleeted fromn the native home of the insect,
a basie knowledge of the ecology of the inseet would be gained that
would aid in correetly planning a praecticable control program, par-
ticularly for the period after the establishment of the inseet in the
Corn Belt of the United States had been completed. During the
four years of investigation the data have therefore been collected
in aecordance with a plan that would eventually lead to the analysis
ol important environments in terms of the fluctuations of the insect
as a pest. Such a short time has been devoted to the colleetion of
these data that no definite conelusions ean be drawn; moreover,
such conelusions should not be attempted without a minimum of
10 vears’ detailed date as a background. There are, however, a
few outstanding faets which, although too inadequate to warrant
definite application to the inseet’s fluetuations, are valuable in
pointing out the eorrelation of field data with a working hypothesis
and experimental evidenee.

The particular phase of the eontrol work which could be materially
aided by ecological information is that in which consideration must
be given to the extent and frequency of the repressive measurcs
found necessary in different areas. If the administration of control
funds could be aided by knowledge whieh had the effeet of roughly
classifying areas of established infestation and pointing out the
regions where infestation would possibly be frequent, an appreciable
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saving would result. The ideal plan would be to define each area
by its possibilities, and allot control funds accordingly. To depend
solely upon this ideal would, of course, be foolhardy. However, all
ecological information leading to the general understanding of the
causes responsible for the rise and fall of the corn borer in various
areas, and of the possibility that the insect in such areas will rise
above the concentration conceded as necessary to inflict commercial
damage, would increase the chance of success in the planning and
disposition of funds connected with any logically founded program
of control.

It is not to be expected that a dcfinite value can be ascribed to
any particular environmental fluctuation as indicating the exact
result which may or may not be produced, but it is hoped that the
causes of outstanding fluctuations may be explained. The practical
ecological problem resolves itself into two main features: (1) The
definition of the limits of the different seasonal-history areas; and
(2), the study of the causes of different intensities of infestation.

The store of data upon the first phase of this project has been
considerably enlarged during the past 4-year period, and a de-
tailed discussion of this matter is reserved for a future paper. It
may be stated, however, that these additional data follow the trend
of the data and the hypotheses advanced in the senior writer’s pre-
vious papers (I, 2).

Of immediate economic significance are factors causing varied
degrecs of concentration in different localities, factors causing the
rise and fall of particular concentrations, and the possibility of occur-
rence of combinations of such factors. Of particular importance are
data explaining “outbreaks’ or “reductions.” Table 12 presents a
number of cases illustrative of types of conditions of temperature
and moisture existing when certain results were apparently produced.
Correlation between Tables 7 and 12 will also illustrate the eco-
nomic value of such ecological information. It must be remem-
bered that conclusions drawn from these insuflicient data are most
certainly not to be taken as final criteria, but are offered only as
an indication of expcctations.

Table 12 presents the deviations from normal temperature and
normal precipitation which characterize separatc portions of 11 years
there designated and the corresponding relative change in the popu-
lation of the corn borers and in the intensity of infestation. It is
believed that these changes result from the climatic conditions pre-
sented in the table, and therefore they are tabulated under ‘Influ-
ence of year.” Similar results, for which it is not practicable to
supply the antecedent deviations, are given for the years 1894,
1896, 1918, and 1919 to 1921, inclusive. Of each pair of climatic
data for a given interval and ﬂear the upper denotes deviation of
temperature, in degrees Fahrenheit, and the lower deviation of pre-
cipitation, in inches, from the normals established by observation
for many years. For the years 1891, 1892, 1897, 1916, 1924, 1925,
and 1926, the population and infestation 1n general increased; the
climatic conditions for 1893, 1898, and 1917 allowed the establish-
ment of previous increase, but stopped further increase; and the con-
ditions for 1926-27 resulted in extreme reduction. The data for
1878-79 were collected in the vicinity of Odessa, in Russia, some-
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what to the eastward of the region otherwise considered here, to
which the subsequent data relate.

TaBLE 12.—Deviations from normal temperature and precipitation for portions of
selected years, compiled from data collected in the ceniral European plains and
arranged for comparison with the attendant relative status of infestation by the
FEuropean corn borer

[Of each pair of climatic data for a given interval and yesr tbe upper denotes deviation of temperature, in
degrees Fahrenheit, and the lower deviation of precipitation, in inches, from tbe normals established by
observation for many years. The position of the reference figures 2, 3, and 4 indicates whicb factor {s
of the quality indicated; the combination of both factors, when bracketed, is of that quality. Calendar
years, only, are denoted in the first column, the figures in tbe body of the table relating to 2-year periods)]

Infl
Total nfluence of year, judged as to—

October [January . April R
Year to De- to 3;?%1; and ‘K‘ﬂl;l:g Seggt:‘m
cembeor | March riod May Effect on Intensity of
e insect Infestation
1878-18791 +8.7 0.00 [ +26.0 -12 —0.2 +0.6 ||Increase and | Above normal.
“oi240.39 | 2 40, 24 343723 —0.29 |3 ~0.71 |2 —(l). 26 reduction.
—0.1 —5. —16. 4 0.2 —0. .
1890-1891__ 340,20 |2 40,26 |2 41.64 )2 io. 15| +o. gl : :I——l. 2% Increase.._..._ Increase.
1891-1892. 2424 +0.6 | +10.1 +1.0 +1.2 +4.7 [[Further in- | Further increase.
== il —0.69 | *+0.56 | —0.42 | ? 4+0.04 | 2 —0.39 |2 —0.24 crease. I i
—21 | —47 | 204 | ~16 | =16 | -1 , 1 stoaller numbers
189221893, ... {a—o. 36 (24017 s s | +1.37 [+ 40.71 | 03 }Red“"mg"--- but -above inor-
1894 [N N E, ----| Reducing..___ No mention.
1896 TesT i P Increase._.....| Above normal.
3 3 419.4 —1. . .
1896-1897___ { i'o. 2 10. 03 +_0. 78 |7 41.18 |1 4052 {2 io. 32 }Increase___ Increase.
In smaller num-
—3.2 |*43.0 [4-0.8 L —1L7 -1.1 .
1897-1898..... {!-g. 0 R P 4 P 8 P O Bt 0 }Red“cmg ----- bers but abovo
tot5-1916._|[ F27 | 469 | +280 | —0.4 | —2.7 | —3.1 [lIncrease and | Above mormal;
o reducing. slightly reduced.

4-0.67 |2 —0.01 |7 +El;. 97 |2 40.57 |2 —0.71 | * 4-0.78

+4. +8.6 . 3 ‘Above normal; not
19161917 1 21030 | 2 +0.56 |1 4259 [s4—1.23 | 5 —1.27 |2 —1.34

Replaccment..{ reduced further.

1918 N .. Repl 1t..| Above normal.
1919-1921___{.._. RO RO | Slightly de- | Normal.
creasing.
19231924 _ . StaD i? é5 ’ i(l) go :8: %l ) 'l'g ?59 Increase...... Above normal.
3 4153 1417 —0.8 +41.8 ||Further in-| Abnormal.
1024-1925. .- 44| —5.84| —0.08 | -+0.71 |340.82 || crease.
1925-1926 | —=0.2 |142.8 {34104 +1.4 —3.2 -5.9 [Further in-| Still further in-
==o[13—0.09 | —0.11| —1.07 {?—0.51 [241.04 |2 —0,13 crease. crease.
" " 8 Reductimil of pre-
(1440 |?44.4 |2428.0 —0.1 +1.8 |..o.... : vious Increases,
192619274 " T5 5 | 1005 | 0,96 2 —0.43 |2 076 |11 [}R"d“"tw”---- and_further Te
duced.

I The data for 1878-79 relate to Odessa, in Russia, a little to the eastward of tbe region concerned witb
the rest of the table; all the other data relate to the central European plains.

? Conditions favorable to the corn borer.

¥ Conditions unfavorable to the corn borer.

¢ End of the period of increase, and a condition favoring reduction.

In order that the reader may appreciate the type of season which
causes an outbreak or reduces the intensity of infestation, the data
in Table 12 will be discussed from the standpoint of a hypothetical
year of outbreak, or a series of such years, and an attempt will be
made to bring out the type of fluctuation in temperature and mois-
turc which, taking place in a particular peried, indicates a condition
potentially favorable to an increase of infestation. It should be
pointed out that this discussion is not intended to imply that any
one type of fluctuation in a particular period can itself produce such
an increase, but that, with certain factors present in certain other
periods, that type of fluctuation is an essential antecedent of the

ossible outbreak. In Table 12 “normal’”’ means the intensity of
infestation normally expected to occur in this particular environ-
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ment, and ‘‘increase” and ‘“‘reduction’’ refer to numbers of eorn-
borer larvae present, and do not indicate a relative degree of com-
mercial loss.

The judgments of the various years are expressive of the attention
which would be attracted to the presence of the insect. For instance,
if one were in the center of the European corn belt one would nor-
mally cxpect a loss of 15 per cent of the corn crop, the insect popu-
lation being at its avecrage level, while practically no loss would be
cxpected under similar conditions were one near the limit of the
region of corn production. An outbreak of the corn borer in each
locality would be noticcable, but judged from a different standpoint.

In studying the abnormal cases presented in Table 12 the season
should be kept in mind, and no attemnpt should be made to evaluate
the fluctuations in various periods in terms of their relative weight
in producing either increasc or decrease. .

According to previous knowledge of the corn borer in North America
and Europe, gained both from the laboratory and from the field, the
hypothetical season for increase in a one-generation region as repre-
sented by the environment found in the central European plains,
should begin with September. In this month warm-dry conditions
must prevail to hasten thc development of the stragglers; i. e., the
larvae in the third or fourth instar which must mature before enter-
ing the true rest period. Such conditions are required for potential
increase, since more individuals entcr the winter than if these strag-
glers are killed by lack of the temperatures needed for development.

To favor increase of borers during the following season, the period
of hibernation in this particular type of environment would need
to bo warmer, or distinctly wetter, than normal. In a “cold-dry”
environment a decrease in temperature is not to be considered as
producing a condition unfavorable for hibernation, since conditions
favorable for hibernation are found in environments where the total
of temperature means for this period is 44° F. lower than the stand-
ard total for the corn belt. Only increase in temperature, therefore,
is considered a positive stimulus to potential increase of borers.
On the other hand, either increase or decrease in available eontact
moisture must be considered as producing positive and negative
stimuli, respectively. F

How these factors actually operate in tending to increase the
numbers of borers is not at present known, but by experiment and
by observation in the field it has been demonstrated that this type
ol fluctuation strongly favors both a hastening of the passing of the
physiological rest period and an increase in the number of individuals
ready to proceed with development at an early date in the spring.

The spring months should supply additional contact moisture
after the normal ‘“cold-dry”’ environment during hibernation, and
this requirement is satisfied by the ‘“spring-rain” type of elimate
which is normal in the central European plains. 1};; follows that
the increase is furthered by supernormal spring moisture before
pupation, together with an increase in temperature to hasten devel-
opment; or, if sufficient moisture has been made available through-
out the hibernation period, particularly during the months of Jan-
uary, February, and March, the continuance of favorable conditions
of contact moisture may to a certain degree compensate a fall in
temperature.
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The divisions of the season as indicated were selected to bring
out those periods of the insect’s life during which certain conditions
are believed to be of great importance in causing fluctuation either
mechanically or through their effect upon the physiology of the
insect. As the data accumulate, these periods will have to be
changed. At present the ‘“summer’” period hides several of the
very important known factors which, occurring in June, directly
increase or decrecase the larval concentration; i. e., low temperatures
and heavy rains, either or both occurring during oviposition, heavy
rains at the time of the hatching of the cggs, and hot, dry weather
during the presence of the earlier instars. All these conditions
reduce considerably the number of individuals which can establish
themselves.

It must be remembered also that means of temperature and mois-
ture for such long periods as are presented in Table 12 do not permit
accurate estimates of the value of conditions which have prevailed
during a particular period. The statements in the analysis to follow
must always be taken with this thought in mind, as the writers do
not wish to overemphasize the importance of this type of correlation
and produce a hard-and-fast picture of the insect season, but rather
to develop indications of outstanding events which will lead ulti-
mately to closer analysis. However, the purpose of this bulletin
will be served by using the data as presented.

In Table 12 the beginning and the end of each period of increase
has been indicated, and the series of years will be discussed with
reference to these points.

-1t must be remembered that in judging whether any combination
of climatic factors is favorable or unfavorable to the corn borer,
the judgment must be translated in terms of the effect of such
factors upon the percentage of establishment; that is, it must be
determined whether the climate happened to be of a type in which
only replacement occurred, one in which only a certain percentage
of the probable annual establishment occurred, or one in which
the factors unfavorable to the insect were of such intensity that
a reduction of the replacement potentiality occurred. To eclarif
the matter further, suppose that a series of favorable years whic
have allowed the larval population to rise above the normal are
followed by a year in which the climate actually decreases the annual
establishment to a point even below the replacement value. Directly
after this year, which climatically may be judged as an unfavorable,
or “reducing,” year, the larval population may still remain above
the point which precludes commercial damage. ~ Superficially, there-
fore, the year might be termed a favorable one when judged solely
from the status o? the insect.

The reader should not attempt to glean from these data, as pre-
sented, a judgment of the effect of the favorable conditions in omne
period as compensating for adverse conditions in another. Although
the writers wish to point out for each period what they judge to
be conditions favorable for potential increase of the larvae,
they are unable to commit themselves as to actual quantitative
compensating requirements. They. have, however, indicated possi-
bilities by referring, at certain points in Table 12, to footnotes
indicating conditions favorable or unfavorable to the corn borer.
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The favorable conditions culminating in the outbreak of 1892
are interesting as illustrating the effect of abundant contact mois-
ture during the hibernation period of 1890-91, followed by a warm
spring and a warm, dry September. The hibernation period of
1891-02 illustrates the effect of increase of temperature followed
by an entirely favorable season, culminating again in a September
in which the weather favored the cntry into the winter of 1892-93
of a more than normal number of larvae. During this winter,
however, the conditions were distinctly unfavorable, and a marked
reduction resulted in the spring, summer, and September of 1893.
The weather at that time was severe enough to bring the insect to
the usual level by the season of 1894.

The conditions preceding the outbreak of 1898 were similar to
those which characterized the winter of 1891-92. The record for
the spring of 1897 bears evidence of abundant contact moisture,
and both the summer and the month of September met the require-
ments considered favorable for increased numbers of borers. Further
potential increase was again stopped by conditions prevailing during
the hibernation period of 1897-98, similar to those that had effected
an adverse result in 1892-93, although the lack of contact moisture
during the earlier period was more marked in character. An inter-
esting feature of 1898, when the larvae were reduced in number,
was that the dlstmctly favorable conditions of spring were not in
themselves powerful enough to offset the adverse conditions which
preceded them and those that followed during the summer and
September of that ycar.

The importance of a warm and wet hibernation period in producing
increase of borers in a normally cold and dry hibernation environ-
ment is illustrated by the conditions of 1915 and 1916, the outbreak
of 1916 and 1917 being exceptional in its degree of intensity.

This series is particularly valuable as illustrating the outstanding
effect of having both factors during the hibernation period favorable
for increase; 1. e., warmer and wetter. This condition has been
shown experimentally to be a tremendous stimulus to the insect.
It is all the more striking in this case, when the seasons following
these favorable hibernation conditions were not strikingly favorable.

An interesting series of years, 1924-1927, in which the insect rose
to a peak in 1926 and dropped back abruptly in 1927, illustrates the
points already discussed. This series of years is partlcularly inter-
esting owing to the marked reduction of the insect population that
occurred in 1927, thus not only completely stopping the increase
but actually reducmg the percentage of establishment considerably
below the replacement value. This series also points out a fact
previously discussed on page 48, that the continuance of ‘“‘warm-
dry” conditions during hibernation, although promoting increase
in the number of borers in the next generation, tends at the same
time to decrease ultimately the vitality of succeeding generations.

A glance at the period of increase extending from the hibernation
period of 1923-24 to the end of the hibernation period of 1926-27
would lead one to expect a serious outbreak in the season of 1927.
The fact that such an outbreak failed to materialize is an important
point in obtaining a proper conception of the factors which hold
the insect completely in check and materially reduce its numbers.
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The temperature means for the spring of 1927 reveal both sub-
normal temperature and precipitation, a combination found in years
of reduction, but their intensity is not revealed until their critical
periods are examined. During April, 1927, the precipitation—sub-
normal, as just stated—was poorly distributed, and 50 per cent of
it fell on two days, widely separated; and 60 per cent of the (sub-
normal) precipitation for May fell on three days. Besides these
unfavorable conditions, April had 20 days below normasl in tempera-
ture. Conditions tending to favor pupation began April 29 and con-
tinued for about 12 days, or until May 10. Then came a sharp drop
in temperature to an average of 6° I. below normal, which continued
for six days, or within four days of the time when the first pupa
is normaslly expected. During the remainder of May 10 days
averaged 3.5° below normal for the first portion of the pupation
period, and these subnormal temperatures are reflected in the slow
advance of pupation on which data have been collected. The sec-
ond adverse period of extreme importance occurredin thelatter part
of June, when the maximum oviposition should normally occur. This
period was consistently below normal in temperature, and the mini-
mum temperatures from June 20 to June 30 were all below 60°,
the point considered favorable for deposition of eggs in normal
numbers. As a further interference with establishment of the
young larvae in the field, three heavy rainstorms occurred on June
27, July 13, and July 17, respectively.

These adverse conditions, however, were not the last blow which
the season inflicted upon the insect. In July drought conditions
followed, of sufficient intensity to hasten the maturity of corn,
markedly reduce its height, and seriously lower the expected yield;
and, finally, September, which included a long, abnormally cool,
rainy period, probably played its part in reducing the number of
larvae that went into the winter of 1927-28. The adverse effect
of this season is further brought out when it is considered that sur-
veys from October 1 to October 15 showed a reduction of 86.8 per
cent in the numbers of the larvae in the central corn belt of Europe,
as compared with the larval population of the previous year.

To point out still further the necessity for such an ecological
understanding of a locality that the planning of a control program
may be more logical in concept, the case of the Wallachian Steppes
in Rumania is presented. Immense quantities of corn are grown
throughout this large region, and no cultural reason is evident why
the corn borer should not be as abundant there as in the central
European plains. An explanation of this condition may lie in the
fact that during 1924 and 1925 severe droughts appeared which pre-
vented the maturing of a large quantity of the corn and killed many
of the larvae. Such droughts are “typical of this region and are of
fairly frequent occurrence. In contrast to these conditions, a fairly
heavy infestation was present during 1926 in the hilly country sur-
rounding Cluj, Rumania, a region also belonging to the steppes but
where droughts are less frequent.

This discussion has presented merely the first steps in the analysis
of the climate of any season, which are temperature-moisture combi-
nations and their effect upon the larval population. The data are
being collected in detail to provide a basis for expressing in general
how favorable or how unfavorable a season may be to the insect
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in terms of the percentage of establishment. When a temperature-
moisture index can be obtained which takes into account the effects
of possible combinations, the analysis of a locality should, of course,
be weighed further by the effect of various other important factors
previously discussed.

The limiting of this first general index must be narrow cnough in
scope and must take into consideration such metcorological details
as to allow for an appreciation of all combinations of other factors
influencing high larval populations.

The classes of climate and soil shown in Table 11, for instance, are
too broad in environmental limits to be satisfactorily used as the basic
index for distinguishing between localities in terms of expectancy of
damage. The environmental limits within which crops may be
damaged by the corn borer extend beyond the limits of corn growing,
and the centers of corn production do not always correspond with
centers of high larval population. The definition of a value, in order
to express the chance of damage in a particular locality, should be
based upon the type of temperature-moisture condition prevalent.
The selection of these classes, however, must eventually be based
upon combinations which are known to influence the insect’s life
dircctly and are expressed in terms of themselves, rather than upon a
criterion which is ecologically an expression of the environmental
limits of another life form. :

The detailed data required to limit further the environment as
above expressed would therefore need to show the type of soil, con-
centration of host plant, quantity of crop débris present, and pre-
vailing agricultural practice, all of which are known to cxlibit their
effects within the temperature-moisture class i which falls the
locality to be analyzed.

It should be pointed out that during the four years of the present
investigation an immense amount of detailed information has been
collected to the end of better evaluating, in terms of the effect upon
the potentiality of damage, the factors just mentioned; and that at
least 10 years’ data from such a careful routine are needed to limit
properly variations which may occur in any of these important
factors and offer helpful and practical guides in the control of the
insect in ‘““danger” localities. The variations in these main factors
and their cffect upon larval population will be discussed when sufficient
data become available. It 1s not expccted that absolute specific
values in terms of expectancy can be assigned to any series of combi-
nations of factors; but there may result a useful basis for defining
certain localities as to their “‘nearness’’ to environments in which the
normal climate is such as to tend to the production of commercial loss.

Data collected to support the distribution shown in Table 7 will
be used to analyze further any particular locality as to the possibility
of its producing a dangerous larval population, and to ascertain
roughly how far in each region the percentage of establishment needs
to be lowered to keep the larval population below the danger point.

If such data are collected for a reasonable length of time it is
evident that some aid will be available in plotting out points of
danger, where extreme repressive measures must be taken year after
year to effect econoniic countrol, as well as other points in which
this demand will not be so imperative.
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CONCLUSIONS

The data collected during the course of four years of investigation
of the corn borer in eentral Europe, from 1924 to 1927, inclusive, lead
to the following conclusions.

The variations in seasonal devclopment and intensity of infesta-
tion by the Europcan corn borer are attributable to fluctuations of
factors in the environment.

The seasonal rhythm of the corn borer is to a certain extent per-
sistent and is duc to the formation of a physiological condition
whieh forees the insect to develop a certain type of scasonal eycle.
This physiological condition is formed by continued impress of a
particular type of normal environment and persists after the impress
of the environment is removed.

There are apparently no climatic or cultural reasons why the
distribution of the European corn borer should not extend to all
points in the main corn-growing regions of the United States.

Scvere damage to corn, which has been observed in a typical
corn-producing region quite comparable to the Corn Belt of the
United States, and in which the corn borer is still increasing, points
to the possible menace of this insect to our chief corn-producing
eenters,

The practice of elecan culture, following a program which includes
all possible means of redueing the borer population, is an essential
fcature of control. In general, the arcas of comparatively clean cul-
ture suffer less from the ravages of the borer than do the regions
where clean-up practices are not followed.

In one-gencration areas heavy infestations may oceur in crops
other than eorn, and in weeds as well.

The widesprecad distribution and local effectiveness of certain
species of parasites of the corn borer oceasion hope that parasites
may be effective in aiding the program of control in North America.

All types of corn may be severely damaged by the corn borer.
No variety or type was observed which was practically immune to
the attack of the insect.

Severe losses in yield, oeceasioned by indircct injury, may occur
in typical corn-growing centers. Such damage was particularly
noticeable upon the plamns of Hungary and Yugoslavia, where high
winds, similar to those in the Corn Belt of the United States, occur
in the latter part of summer.

The elimination of very suseeptible varicties of corn and a proper
regard for the most favorable date of planting appear to be two of
the promising possibilities for control.

Radical changes in cultural practice are possible and may be effec-
tive in the control of the corn borer, as is strikingly shown by the
fact that owing to a change in the method of growing hops in the
eenter of hop culture in Europe the insect has ceased to be an economie
factor in the production of this crop.

The classifieation of localities according to expectancy of damage
may come to be of assistance in allotting the funds necessary for con-
trol of the borer, or at least for keeping larval populations from
inflicting eommercial loss. This classification must, however, be
detailed enough to give proper weight to local differences. At present
the available data do not warrant such a classification, and any
efforts in this direction would be hazardous.
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